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A t h i r d  c l a s s  o f  compounds s tu d ie d  was lo n g i f o le n e  
d e r iv a t iv e s  o f  u n c e r t a i n  s t r u c t u r e .  H ere , th e  o c c u rre n c e  o f m e th y l 
o r  i s o p r o p y l  g ro u p s  i n  th e  m o le c u le s  was o f  p a r t i c u l a r  im p o rta n c e , 
and th e  p r e s e n c e  o f  a b u n d a n t io n s  a t  (P-CH^) and (P-C^Hr,) was 
c l e a r l y  d e m o n s t r a te d .  H ow ever, s in c e  i n  su ch  a l i c y c l i c  h y d ro ca rb o n s  
th e  s t a b i l i t y  i s  g o v e rn ed  c h i e f l y  by s te re o c h e m ic a l  and conform a­
t i o n a l  f a c t o r s ,  i t  was n o t  p o s s ib le  to  make a  co m ple te  s t r u c t u r a l  
a n a l y s i s  from  th e  m ass s p e c t r a l  d a ta  o b ta in e d .
CHAPTER ONE
I n t r o d u c t io n
In  r e c e n t  t im e s ,  m ass s p e c tro m e try  h as  e n jo y e d  i n c r e a s in g ly  
w id e sp re a d  u s e  i n  b o th  r e s e a r c h  work and i n d u s t r y .  Many d e t a i l e d  
a c c o u n ts  e x i s t  (1 to  16) o f  th e  th e o r y ,  c o n s t r u c t io n  and o p e r a t io n  
o f  m ass s p e c t r o m e te r s ,  b u t  th e  p r i n c i p l e  on w hich a lm o s t a l l  th e  
in s t r u m e n ts  depend  i s  q u i t e  s im p le .
Bombardment o f  a  t a r g e t  m a te r i a l  w ith  a  s tre a m  o f  
(50 -70eV ) e l e c t r o n s ,  p ro d u c e s  p o s i t i v e  io n s  w hich a r e  a c c e l e r a t e d ,  
c o l l im a te d  to  a  n a rro w  beam by e l e c t r o d e s  o f  d i f f e r e n t  p o t e n t i a l s ,  
and f i n a l l y  p a s s e d  th ro u g h  a  m ass a n a l y s e r .  The a n a l y s e r ,  w hich  can  
depend  on m a g n e tic  f o c u s s in g  ( 1 ) ,  tim e  o f  f l i g h t  m easurem ent ( 2 ,3 )  
o r  r a d io  f re q u e n c y  re s o n a n c e  (^ ,3 )*  s o r t s  th e s e  io n s  i n t o  a  sp ec tru m  
a c c o rd in g  to  t h e i r  m a s s - to -c h a rg e  r a t i o s .
The m ass s p e c tro m e te r  i s  u sed  to  m easure th e  i o n i c  m ass- 
to - c h a r g e  r a t i o ,  and  a l s o  to  d e te rm in e  th e  i o n i c  ab u n d an c es .
S in c e  th e  n a tu r e  o f  th e  io n s  w hich a re  form ed by e l e c t r o n  
bom bardm ent i s  d e te rm in e d  by th e  s t r u c t u r e  o f  th e  t a r g e t  m a t e r i a l ,  
th e  sp e c tru m  i s  u n iq u e  f o r  each  c h e m ic a l compound so  th e  mass 
s p e c tr o m e te r  i s  v a lu a b le  f o r  th e  a n a l y s i s  o f  ch e m ic a l s p e c i e s .
In  T hom son 's m ass s p e c tro g ra p h  (6 )  (1910)» th e  io n  beam 
was p a s s e d  th ro u g h  e l e c t r i c  and m a g n e tic  f i e l d s ,  w hich  w ere p a r a l l e l  
and r e s u l t e d  i n  a  s e p a r a t io n  o f  io n s  o f  d i f f e r e n t  m a s s - to -c h a rg e  
r a t i o .
2In  t h i s  way Thomson p ro v e d  th e  e x i s t e n c e  o f  i s o t o p e s  o f
Neon (7 )«
A s to n , i n  h i s  m ass s p e c t r o g r a p h ,  a l s o  u se d  e l e c t r i c  and 
m a g n e tic  f i e l d s  a p p l i e d  s u c c e s s i v e l y .  T h is  p ro d u c e d  v e l o c i t y  
f o c u s s in g  (8 )  o f  th e  io n  beam . A sto n  was a b le  to  o b t a in  a c c u r a te  
a to m ic  w e ig h ts  by an  a n a l y s i s  o f  p o s i t i v e  r a y s ,  and  e s t a b l i s h e d  th e  
e x i s t e n c e  o f  many i s o t o p e s  among th e  s t a b l e  ( n o n - r a d io a c t iv e )  
e le m e n ts  (9 )*
I n  19191 D em pster (1 0 )  made th e  f i r s t  m ass s p e c t r o m e te r .  
The m ethod o f  f o c u s in g  i n  h i s  in s t r u m e n t  was b a se d  on th e  in d iv id u a l ,  
i o n  beam s.
The p r i n c i p l e  o f  t h i s  in s t r u m e n t  was d is c o v e r e d  by 
C la s s e n  ( 1 1 ,1 2 ) .  A l a r g e  num ber o f  in s t r u m e n t s  hav e  b een  made u s in g  
t h i s  m ethod f o r  f o c u s in g  th e  io n  beam . In  D e m p s te r 's  in s t r u m e n t ,  
th e  d e f l e c t i n g  a n g le  i s  1 8 0 ° , b u t  i n  th e  in s t r u m e n t  w h ich  was 
d e v e lo p e d  by N ie r  (1 9 3 6 -1 9 ^ 0 )  th e  a n g le  c o u ld  be 60° o r  9 0 °•
S in c e  th e  s i n g l e  f o c u s in g  in s t r u m e n ts  w ere n o t  c a p a b le  o f  
g iv in g  b o th  v e l o c i t y  and  d i r e c t i o n a l  f o c u s in g ,  th e  i d e a  was s u g g e s te d  
by B a r tk y  and  D em pster o f  c o n s t r u c t i n g  a  d o u b le - f o c u s in g  in s t r u m e n t  
u s in g  m a g n e tic  and  e l e c t r o s t a t i c  a n a l y s e r s  (1 3 ) -  M o n o -e n e rg e tic  
io n s  a r e  p ro d u c e d  by d e f l e c t i o n  th ro u g h  th e  e l e c t r o s t a t i c  f i e l d ,  
an d  th e n  t r a v e r s e  th e  m a g n e tic  f i e l d  w h ich  b r in g s  them  to  a  fo c u s  
a t  th e  s l i t .  V a r io u s  d e s ig n s  o f  su ch  in s t r u m e n ts  have  now been  
d e s c r ib e d  ( 1 4 ) .
I n s t r u m e n t a l  a d v a n c e s  hav e  e x te n d e d  th e  ra n g e  o f  com pounds 
w h ich  can  be a n a ly s e d  w i th  m ass s p e c t r o m e te r s .  I n  th e  c o n v e n t io n a l  
m ass s p e c t r o m e te r ,  th e  sam p le  can  be a n a ly s e d  i n  th e ' v a p o u r p h a s e ,  
so  th e  com pounds s h o u ld  have  s u f f i c i e n t  s t a b i l i t y  to  be  h e a te d  to  a  
te m p e r a tu r e  w h ich  p ro d u c e s  a  v ap o u r p r e s s u r e  h ig h  enough to  g iv e  a  
s p e c tru m .
V a r io u s  m ethods hav e  b een  u se d  f o r  m o u n tin g  th e  t a r g e t  
m a t e r i a l .  In  th e  MS2 i n s t r u m e n t ,  w h ich  was u se d  to  c a r r y  o u t th e  
w ork d e s c r ib e d  i n  t h i s  t h e s i s ,  a  d i r e c t  p ro b e  was em p lo y ed . T h is  
c o n s i s t e d  o f  a  g l a s s  p ro b e  on w h ich  th e  sam p le  was i n s e r t e d  n e a r  to  
th e  r e p e l l e r  p l a t e  (1 ^ ,1 6 ) ,  T h is  m ethod was u s e f u l  f o r  m ass 
a n a l y s i s  and  d e t e r m in a t io n  o f  m o le c u la r  w e ig h t ,  b u t  i t  was n o t  
p o s s i b l e  to  d e te rm in e  and  c o n t r o l  th e  sam p le  p r e s s u r e .
4CHAPTER TWO
The m ass s p e c t r a  o f  some k e to n e s  r e l a t e d  to  b e n z a n th ro n e
The c h a r a c t e r i s t i c s  o f  th e  c r a c k in g  p a t t e r n s  o f  a l i p h a t i c  
an d  some c y c l i c  k e to n e s  hav e  b een  s tu d i e d  by S h a rk e y , S h u l tz  and  
F r i e d e l  (1 7 ) and  o f  s e l e c t e d  q u in o n e s  by Beynon and  W illia m s  ( 1 8 ) .
A l l  com pounds h a v in g  a  k e to  g ro u p  show a  te n d e n c y  to  
l o s e  a  c a rb o n y l  g ro u p  from  th e  m o le c u le ,  o f t e n  w ith  r e - a r r a n g e m e n t .
The p r e s e n t  s tu d y  h a s  b een  c a r r i e d  o u t on b e n z a n th ro n e  
and  some o f  i t s  d e r i v a t i v e s  t o g e th e r  w i th  a  few  d ih y d r o p le ia d e n e s .
A l l  s p e c t r a  show th e  r u p tu r e  o f  c a rb o n -c a rb o n  bonds i n  
th e  m o le c u la r  io n  a d j a c e n t  to  a  k e to  g ro u p . F i n a l l y ,  th e y  form  a  
s t a b l e  a ro m a tic  h y d ro c a rb o n  s t r u c t u r e .
m o le c u la r  io n  a t  m /e = 230 and  an  a b u n d a n t p eak  a t  m /e = 202 ( 82% ). 
T h is  io n  comes from  th e  p a r e n t  io n  l o s i n g  one c a rb o n  m onoxide w ith  
r e - a r r a n g e m e n t ;  a  m e ta s ta b le  p eak  c o r r e s p o n d in g  to  t h i s  t r a n s i t i o n  
o c c u r s  a t  m /e = 1 7 9 *5 •
B e n z a n th ro n e  h a s  i t s  b a s e  p e a k  w hich  i s  a l s o  th e  p a r e n t
F ig u r e  1
A f t e r  l o s i n g  th e  k e to  g ro u p  a  s t a b l e  a ro m a tic  s t r u c t u r e  
l i k e  f l u o r a n t h r e n e , m /e = 2 0 2 , i s  fo rm ed . O th e r  io n s  w h ich  a r e  
s i g n i f i c a n t  a r e  P -2 9  (32%) and  P -30  (4-0%) w h ich  a r e  c a u s e d  by th e  
l o s s  o f  th e  e le m e n ts  o f  a  fo rm y l o r  fo rm a ld e h y d e  g ro u p  r e s p e c t i v e l y .  
P eak s  a t  m /e = 176 and  m /e — 130 a r i s e  by th e  e l im i n a t io n  o f  
a c e t y l e n e ,  a s  w e l l  a s  a  g ro u p , o r  two a c e ty le n e  m o le c u le s  from
th e  a ro m a tic  s t r u c t u r e  fo rm ed  by th e  e l im i n a t io n  o f  th e  c a rb o n y l  
g ro u p .
F ig u r e  2
♦  c 2 h 2 ( c l4 H 8 r
► C4 H4 *
I n  3 - c h lo r o ,  3 -b ro m o - and  9-brom o b e h z a n th ro n e s  i t  i s  
n o t  l i k e l y  t h a t  th e  m o le c u le  l o s e s  a  c h l o r i n e  o r  a  b ro m in e  atom  v e ry  
e a s i l y .
T h e re  i s  a  m e ta s ta b l e  io n  f o r  th e  l o s s  o f  a  k e to  g roup
from  th e  p a r e n t  i o n ,  i n  3 - c h lo r o  b e n z a n th ro n e  m /e 211 and  f o r  th e
b ro m in e  s u b s t i t u t e d  m o le c u le  m /e — 23^*3 •
The r e s t  o f  th e  sp e c tru m  i s  s i m i l a r  to  t h a t  o f  b e n z a n th ro n e ,
The io n s  a t  m /e — 2 0 1 , show s th e  l o s s  o f  a  c a rb o n y l  g ro u p  and  a
c h l o r i n e  o r  a  b ro m in e  atom  from  th e  r e s p e c t i v e  m o le c u le s .  The 
a b u n d a n t io n  a t  m /e =  2 0 0 , i n d i c a t e s  th e  l o s s  o f  c a rb o n y l  a s  w e l l  a s  
h y d ro g en  b ro m id e  o r  h y d ro g en  c h l o r i d e .
3 :  9 -d ib ro m o b e n z a n th ro n e  show s th e  same p a t t e r n  o f  
f r a g m e n ta t io n ,  b u t  t h e r e  a r e  now two m e ta s ta b l e  io n s  c o r r e s p o n d in g  
to  th e  f o l lo w in g  t r a n s i t i o n s :
■> (P-CO)+ + CO m/ e  = 334
an d P + e ----- > (P -B r)+ + Br + $e w here so m etim es th e  c h a rg e  
i s  on th e  b ro m in e  atom  
> [ ( F - B r )  -  C0]+ + CO m/ e  253*5
T h e re  a r e  a l s o  d o u b ly  c h a rg e d  io n s  c o r r e s p o n d in g  to  a l l  
t h e  io n s  w h ich  h av e  b een  d i s c u s s e d ,  w h ich  shows t h e i r  g r e a t  s t a b i l i t y .
In  4 -b e n z o y lm e s o b e n s a n th ro n e  we have two k e to  g ro u p s . The 
l o s s  o f  th e  c a r b o n y ls  can  now o c c u r  a s  f o l lo w s :
F ig u r e  3
O
► 2 COH
The ab u n d a n c e s  o f  (P-CO) + , (BiCOH)+ and  (P -H 2C 0)+ a r e  3%, 
10% and  15% o f  th e  b a s e  p e a k  r e s p e c t i v e l y ;  w h ich  show s t h a t  th e  
m o le c u la r  i o n s  te n d  to  l o s e  a  c a rb o n y l  g ro u p  w ith  two h y d ro g e n s  to  
fo rm  th e  s t r u c t u r e  ( I I )  o r  by l o s i n g  tw o fo rm y l g ro u p s  fo rm  a  s t a b l e
iaromatic molecule (III). There are doubly charged ions which 
correspond to all these ions. Meanwhile, molecule (I) can rupture 
t/ or p to the carbonyl bond leaving the charge on either fragment,
Figure k
i - c ! - 0
T h e re  a r e  o th e r  i o n s  w h ich  a r e  l e s s  th a n  10%, e . g .  m /e =  5 1 i w h ich  
i s  c h a r a c t e r i s t i c  of- f r a g m e n ta t io n  o f  a  b en ze n e  r i n g  and  th o s e  a t  
m /e =: 175? and  m /e =  13 0 , w h ich  a r e  d e r iv e d  from  s t r u c t u r e  IV by 
th e  l o s s  o f  ^2^2 an(* a s  a s  a  c a r ^ ony l  g ro u p .
In  11-h y d ro x y  and  1 1 -m e th o x y b e n z a n th ro n e , th e  c h a r a c t e r ­
i s t i c s  o f  th e  c r a c k in g  p a t t e r n s  o f  h y d ro x y l ( 1 9 ) and  m e th o x y l (2 0 )  
com pounds a s  w e l l  a s  a ro m a tic  k e to n e s  (2 1 )  a r e  o b s e rv e d .
The p a r e n t  io n  i n  e a c h  o f  them  i s  a l s o  th e  b a s e  p e a k .
The (P -2 8 )  io n  i n  1 1 -h y d ro x y b e n z a n th ro n e  i s  22% o f  th e  b a s e  p eak  
and  t h e r e  i s  a  m e ta s ta b le  t r a n s i t i o n  a t  m /e =  1 9 3 i c o r r e s p o n d in g  to  
th e  l o s s  o f  a  k e to  g ro u p .
P+  ^  (P -2 8 )+ + CO m/ e  = 193 .0
©I n  1 1 -m e th o x y b e n z a n th ro n e , th e  io n  (P -2 8 )  i s  n e g l i g i b l e  
i n  s p i t e  o f  an  a b u n d a n t (P-CH^) (^2%), T h is  show s t h a t  th e  m o le c u le  
te n d s  to  l o s e  a  m e th y l r a d i c a l  more r e a d i l y  th a n  to  e l im i n a t e  a  
c a rb o n y l  g ro u p , and  th u s  fo rm s th e  (P-CH^) io n  w h ich  th e n  l o s e s  a  
c a r b o n y l  g ro u p  and  g iv e s  r i s e  to  th e  m e ta s ta b l e  io n  a t  m /e &■ 1 9 2 .0 .
T h is  fra g m e n ta tio n  i s  a s  fo llo w s :
P+ ---------- »  (P-CH_)+ + CH
I
I > [(P-CH ) -  CO] + CO
T h e re  i s  a  p ro m in e n t io n  a t  m /e =  189» w h ich  a r i s e s  by 
th e  f r a g m e n ta t io n  o f  bonds oi to  th e  oxygen s u b s t i t u e n t  on c a rb o n  (1 1 )*  
The m o le c u le  a l s o  l o s e s  a  k e to  g ro u p .
F ig u r e  3
+ co+cx
T h is  f ra g m e n t i s  a  s t a b l e  a ro m a tic  io n .
The p e a k  a t  m /e =  163» c o r r e s p o n d s  to  th e  l o s s  o f  tw en ty - 
s i x  u n i t s  from  m /e as 1 8 9 , a  f r a g m e n ta t io n  w h ich  may o c c u r  i n  th e  
f o l lo w in g  way.
(W + -------» C2H2 + (C13H7 )+
13u
E ach  o f  th e  ab ove  m e n tio n e d  io n s  g iv e s  r i s e  to  a  p eak
c o r r e s p o n d in g  to  a  d o u b ly  c h a rg e d  i o n ,  th e  io n  a t  m /e = 200
c o r r e s p o n d s  to  th e  l o s s  o f  th e  s u b s t i t u e n t  on c a rb o n  ( 1 1 ) ,  i n  
a d d i t i o n  to  th e  k e to  g ro u p .
In  11-am in o  and  11- fo rm y la m in o b e n z a n th ro n e , th e  p a r e n t  
m o le c u la r  io n  i s  a l s o  th e  b a s e  p eak  i n  e a c h  c a s e .  The l o s s  o f  th e
s u b s t i t u e n t  a t t a c h e d  to  c a rb o n  (1 1 )  i s  l i k e l y .
S i m i l a r i t y  i n  th e  e l e c t r o n  e n e rg y  l e v e l s  o f  +0 and  N may 
c a u s e  th e  same c h a r a c t e r i s t i c s  i n  th e  c r a c k in g  p a t t e r n  f o r  n i t r o g e n  
o r  oxygen  s u b s t i t u t e d  com pounds. I n  th e s e  com pounds th e  atom  o f  
n i t r o g e n  f a c i l i t a t e s  th e  e l im i n a t i o n  o f  th e  c a rb o n  atom  a t t a c h e d  to  
th e  r i n g  w ith  c o n c o m ita n t r e - a r r a n g e m e n t  and  th e  re m o v a l o f  a  
th e rm o d y n a m ic a lly  s t a b l e  m o le c u le  o f  h y d ro g en  c y a n id e  o r  th e  fo rm a ­
t i o n  o f  th e  i s o e l e c t r o n i c  io n  E ^ C N .
I t  seem s t h a t  i n  th e  1 1 - fo rm y l com pound, th e  c r a c k in g  
p a t t e r n  may a r i s e  i n  two d i f f e r e n t  w ays. F i n a l l y ,  i t  may lo s e  a  
k e to  g ro u p  a t t a c h e d  to  th e  s u b s t i t u e n t  to  fo rm  a  s t r u c t u r e  s i m i l a r  
t o  1 1 - a m in o b e n z a n th ro n e  and  show th e  same b e h a v io u r  u n d e r  e l e c t r o n  
im p a c t ,  (2 2 ,2 3 )  o r  l o s e  a  h y d ro x y l g ro u p . We can  i n t e r p r e t  th e s e  
f r a g m e n ta t io n s  a s  f o l l o w s :
+ CO
o
G iv in g  CN w h ich  i s  q u i t e  s t a b l e  from  a  th e rm o c h e m ic a l 
s t a n d p o i n t  and  a l s o  l o s i n g  th e  k e to  g ro u p  a t t a c h e d  to  th e  m o le c u le  
t o  fo rm  a  s t a b l e  io n  su c h  a s :
M/e  = 189
M eanw hile , t h e  1 1 -fo rm y la m in o b e n z a n th ro n e  c a n  l o s e  a  
h y d ro x y l g ro u p  (4-0°/o) and  fo rm  a  s t r u c t u r e  a s  f o l lo w s :




o oT h is  compound may e l i d e  a  k e to  g ro u p  a s  w e l l  a s  a  H^CN  
and  form  an  a ro m a tic  h y d ro c a rb o n  o f  th e  f o l lo w in g  ty p e :
Figure 8
h* c n h 2+ CO
O S t r u c t u r e s  VI and  V II may l o s e  o r  g ro u p s  a s  do
m ost o f  th e  o t h e r  a ro m a tic  h y d ro c a rb o n  com pounds.
In  1 1 :1 - b e n z a n th r o l a c to n e ,  th e  p a r e n t  m o le c u la r  io n  i s  
v e ry  a b u n d a n t and  on l o s i n g  one o f  i t s  k e to  g ro u p s , i t  g iv e s  r i s e  
to  a  m e ta s ta b le  io n  a t  m /e = 219*0
The l o s s  o f  a  f u r t h e r  c a rb o n  m onoxide i s  v e ry  u n l i k e l y ,  
b u t  th e  io n  a t  m /e =: 187 a r i s e s  by th e  l o s s  o f  t h r e e  c a rb o n y l  g ro u p s  
and  may fo rm  th e  f o l lo w in g  s t r u c t u r e .
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3 CO
O w m
T h ere  a r e  d o u b ly  c h a rg e d  io n s  w h ich  c o r re s p o n d  to  a l l  
t h e  p e a k s  t h a t  have  been  m e n tio n e d  a b o v e .
F u r t h e r ,  t h e r e  a r e  some p e a k s  o f  l e s s  th a n  2% ab u n d an ce  
w h ich  c o r re s p o n d  to  th e  l o s s  o f  a c e ty le n e  u n i t s  from  s t r u c t u r e  V I I I .
I n  9 - n i t r o  1 ,1 1 -  k e to  and  9 - n i t r o , - 1 1 -  c a rb o x y b e n z a n th ro n e ,  
th e  p a r e n t  io n  i s  a l s o  th e  b a s e  p e a k . H ere th e  c h a r a c t e r i s t i c  
c r a c k in g  p a t t e r n  o f  a  n i t r o  compound (2 4 ,2 5 )  i s  a p p a r e n t  P-NO, P-NC^ 
and  P-CNO^ a r e  p ro m in e n t i o n s  w h ich  o c c u r  i n  m ost n i t r o  com pounds.
I n  9 - n i t r o - 1 ,1 1 - k e to b e n z a n th r o n e ,  two k e to n e  g ro u p s  a r e  
e l im in a te d  to  fo rm  a  s t a b l e  a ro m a tic  h y d ro c a rb o n  s t r u c t u r e .
I n  9 - n i t r o - H - c a r b o x y b e n z a n th r o n e ,  t h e r e  i s  a  p eak  a t  P-1 
w h ich  a r i s e s  from  th e  l o s s  o f  th e  h y d ro g en  o f  th e  c a rb o x y l  g ro u p .
Io n s  a t  P -4 4  and  P -45  a r e  c h a r a c t e r i s t i c  o f  th e  c r a c k in g  
p a t t e r n  o f  a  c a rb o x y l  g ro u p  ( 2 6 ) .  A d d i t i o n a l l y ,  th e  k e to  g ro u p  can  
be  l o s t  and  f i n a l l y  fo rm  a  s t a b l e  a ro m a tic  h y d ro c a rb o n  s t r u c t u r e .
I n  1 -h y d r o x y - 7 * 12  d ih y d ro p le ia d e n e -7 » 1 2  d io n e ,  t h e r e  a r e  
two k e to n e  g ro u p s  a t t a c h e d  to  th e  m o le c u le .  The p a r e n t  io n  i s  th e  
b a se  p e a k  and  t h e r e  i s  th e  l o s s  o f  two k e to n e  g ro u p s  w ith  r e - a r r a n g e m e n t  




The p ro m in e n t io n  a t  m /e ~  1 8 9 i c o r r e s p o n d s  to  th e  l o s s  
o f  two k e to  g ro u p s  and  CHO from  th e  m o le c u le .
F ig u r e  11
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OH
The io n  a t  m /e = 163  may come from  t h i s  a ro m a tic  s t r u c t u r e  
by e l i m i n a t i o n  o f  a c e ty le n e  w h ich  i s  o f  common o c c u r re n c e  i n  a ro m a tic  
m o le c u le s .  R a th e r  a b u n d a n t i o n s  a t  h a l f  i n t e g r a l  m a sse s  c o r r e s p o n d in g  
to  a l l  t h e s e  hav e  b een  o b s e rv e d .  The p o s s i b i l i t y  o f  l o s i n g  a  
h y d ro x y l g ro u p  i s  n o t  h ig h ,  b u t  t h e r e  a r e  io n s  w h ich  c o r re s p o n d  to  
P-OH, P-(OH+CO) and  P-(2C0+0H ) a l th o u g h  t h e i r  ab u n d a n c e s  a r e  l e s s  
th a n  5°/o*
In  1 - c h lo r o - 7 ,1 2  d ih y d r o p le ia d e n e - 7 ?^2 d io n e  t r a n s i t i o n  
f o r  th e  l o s s  o f  two k e to n e  g ro u p s  i s  a s  f o l lo w s :
P + e — — ^  P + ze
^ ^  (P—CO) + CO m/ e  = 2^0
I-------- » [(P-CO) -  C0]+ + CO m/ e  = 216
The p ro m in e n t io n  a t  m /e = 200 r e p r e s e n t s  th e  l o s s  o f
h y d ro g en  c h l o r i d e  and  two c a rb o n y l  g ro u p s  fron i th e  p a r e n t  io n  and  i t
+
may g iv e  r i s e  to  th e  s t r u c t u r e  ^ ___i 3X
I S
T h e re  i s  a l s o  th e  l o s s  o f  c h l o r i n e ,  and  c a rb o n  m onoxide 
p lu s  c h l o r i n e ,  from  th e  p a r e n t  i o n .  The ab u n d an ce  i s  l e s s  th a n  2.0%.
P eak s  a t  m /e =  175 and  m /e — 150 a r e  d e r iv e d  from  s t r u c t u r e  
IX by  th e  l o s s  o f  an d  Sro u Ps  r e s p e c t i v e l y .  R a th e r
a b u n d a n t p e a k s  a t  h a l f  m ass u n i t s  c o r r e s p o n d  to  th e  io n s  m e n tio n e d  
a b o v e .
In  1 - m e th y l - 7 , 12 d ih y d r o p le ia d e n e - 7 -o n e  th e  P -15  io n  i s  
th e  p ro m in e n t p e a k  (77%) a s  we have s e e n  m e th y l g ro u p s  a t t a c h e d  to  
s u c h  m o le c u le s  te n d  to  come o f f  v e ry  r e a d i l y .  The io n  a t  P -28  
( 1 1 . 9%) w h ich  c o r r e s p o n d s  to  th e  l o s s  o f  a  c a rb o n y l  g ro u p  from  th e  
m o le c u le  i s  n o t  v e ry  a b u n d a n t .
A c o n c o m ita n t t r a n s i t i o n  o c c u r s  i n  th e  f o l lo w in g  way, 
w i th  h y d ro g en  m i g r a t io n .
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A m e ta s ta b l e  io n  a t  m /e =  191*0 c o n f irm s  t h i s  r e ­
a r ra n g e m e n t.  A n o th e r  io n  a t  m /e =  202 may be d e r iv e d  from  th e  l o s s  
o f  e th y le n e  and  a  c a rb o n y l  g ro u p  from  th e  p a r e n t  m o le c u le  i o n .
T h e re  a r e  d o u b ly  c h a rg e d  io n s  w h ich  c o r re s p o n d  to  th e s e  p e a k s .  The 
p r e s e n c e  o f  an  im p u r i ty  p ro b a b ly  o f  a  h ig h e r  hom ologue to  th e  e x t e n t  
o f  a b o u t 10% a t  m /e »  262  w i l l  a c c o u n t f o r  th e  o th e rw is e  i n e x p l i c a b l e  
io n s  a t  m /e — 22*f to  2 2 8 .
uEXPERT MENTAL
A ll  th e  s p e c t r a  w ere o b ta in e d  on a  M e t r o p o l i ta n - V ic k e r s  
MS2 in s t r u m e n t .  An a c c e l e r a t i n g  v o l t a g e  o f  2kV and  e l e c t r o n  
e n e rg y  o f  5 0 ev  was u s e d .
F o r  th e  com pounds 1 1 -fo rm y la m in o , 9 - n i t r o  1 ,1 1  k e t o ,
9 - n i t r o  11 - c a r b o x y ,  11 -h y d ro x y , 4 -b e n z o y lm e s o b e n z a n th ro n e , 1- c h l o r o -
7 .1 2  d ih y d r o p le ia d e n e - 7 , 12-dicne and 1 -h y d ro x y -7 , 12 d ih y d r o p le ia d e n e -
7 .1 2  d io n e  e x t e r n a l  h e a t  was a p p l i e d .
B e n z a n th ro n e  and  i t s  d e r i v a t i v e s  w ere  p ro v id e d  by 
D r. N. C a m p b e ll, The U n iv e r s i t y  o f  E d in b u rg h  and  th e  d ih y d r o p le ia d e n e s  
w ere o b ta in e d  from  M r. E . C la y to n  o f  t h i s  d e p a r tm e n t .
DISCUSSION
I n  m ost a ro m a tic  h y d ro c a rb o n s ,  one c h a r a c t e r i s t i c  o f  t h e i r  
c r a c k in g  p a t t e r n  i s  th e  l o s s  o f  o n e , o r  m ore r e a d i l y  tw o , h y d ro g en  
a tom s from  th e  p a r e n t  m o le c u la r  io n  ( 2 7 ) .  M ost o f  th e  more a b u n d a n t 
i o n s  have  a  s t a b l e  s t r u c t u r e  o r  th e y  e l im i n a te  a  s t a b l e  m o le c u le .
So th e  l o s s  o f  two h yd rogens o r  i n  c h l o r i n e  and  b ro m in e  d e r i v a t i v e s  
o f  h y d ro g en  c h l o r i d e  and  h y d ro g en  b ro m id e  r e s p e c t i v e l y  i s  th e  m ore 
p r o b a b le .
The io n s  a t  m /e =- 200 c o r re s p o n d  to  th e  l o s s  o f  a  c a rb o n y l  
g ro u p , a s  w e l l  a s  one o f  th e  s u b s t i t u e n t s  (C l o r  B r) and  a  h y d ro g e n . 
The r e s t  o f  th e  m o le c u le  may fo rm  a  t r i p l e  b ond , o r  e x t r a  r i n g  o r ,  
p r e f e r a b l y ,  re m a in  w i th  i t s  m ain s t r u c t u r e  u n a l t e r e d  b u t  w ith  one 
o r  two e l e c t r o n s  l e s s  i n  th e  m o le c u la r  o r b i t .  T h is  w i l l  g iv e  r i s e  
to  a  d o u b ly  c h a rg e d  io n  w h ich  h a s  b een  s e e n  i n  a l l  s p e c t r a .
1£
As th e  c r a c k in g  p a t t e r n  show s, th e  i o n s  a t  m /e =  174 a n d
m /e = 150 a r e  d e r iv e d  fro m  io n  m /e -  2 0 0 . The l o s s  o f  a c e ty le n e  
h a s  b een  s e e n  i n  m ost a ro m a t ic  h y d ro c a rb o n s ,  b u t  i t  a p p e a r s  t h a t  
th e  l o s s  o f  i s  fro m  r i n g  (A) o f  th e  m o le c u le .
m ore a b u n d a n t th a n  io n  m /e = 2 0 0 . T h is  show s t h a t  th e  s id e  c h a in  
i s  n o t  l i k e l y  to  ta k e  a  f u r t h e r  h y d ro g en  atom  from  th e  m o le c u le  to  
fo rm  a  s t a b l e  s t r u c t u r e  a s  w ith  c h l o r i n e  o r  b ro m in e . A lso  i n  
4 -b e n z o y lm e s o b e n z a n th ro n e , th e  io n s  a t  m /e =t 175 and  m /e =  151 
(w h ich  a r e  d e r iv e d  from  th e  io n  m / e =  2 0 1 ) a r e  m ore a b u n d a n t th a n  
th e  io n s  w h ich  o c c u r  a t  m /e =  174 and  m /e & 150 i n  c h l o r o -  and 
b rom o- com pounds a s  w e l l  a s  b e n z a n th ro n e .  T h is  i n d i c a t e s  t h a t  th e  
i o n s  a ro u n d  m /e =  1 7 4 -1 76  and  149-151 may be d e r iv e d  from  th e  io n s  
m /e =  2 00 -202 : by  f u r t h e r  f r a g m e n ta t io n .  I t  i s  m ost p r o b a b le  
and  e l i d e  a s  f o l l o w s ,
I n  4 -b e n z o y lm e s o b e n z a n th ro n e , th e  io n  a t  m /e — 201 i s
In  * f-b en zo y lm eso b en za n th ro n e  s t r u c t u r e  I I  ( 
i s  m ore l i k e l y  b e c a u s e ,  a s  can  be s e e n  from  th e  c r a c k in g  p a t t e r n ,  
th e  s t a b i l i t y  o f  th e  bo n d s i n  th e  oL o r  p o s i t i o n s  i s  l e s s  th a n  
th e  s t a b i l i t y  o f  th e  bo n d s a t t a c h e d  to
T h e re  i s  no e v id e n c e  f o r  i o n s  c o r r e s p o n d in g  to  th e  
f u r t h e r  b re a k  down o f  th e  m o le c u le  once i t  h as: l o s t  th e  c a rb o n y l  
g ro u p  from  th e  b e n z a n th ro n e  s k e l e t o n .
In  11 - h y d ro x y - ,  1 1 -m e th o x y - , 1 1 - fo rm y l-  and 
1 1 -a m in o b e n z a n th ro n e  io n s  a t  a b o u t m /e =  189 have th e  same o r i g i n .  
I n  a l l  o f  them  c a rb o n  (1 1 ) t e n d s  to  be rem oved b e c a u s e  o f  th e  
e f f e c t  o f  th e  s u b s t i t u e n t  on i t  w h ich  w eakens th e  b o n d s . F i n a l l y ,  
i t  fo rm s  th e  s t a b l e  io n  VI ( ) .  The io n  a t  m /e »  163
i l S O y
i s  fo rm ed  by th e  e l im i n a t i o n  o f  an  a c e ty le n e  g roup  from  th e  io n  
j u s t  d i s c u s s e d .  H ere i t  seem s a l s o  t h a t  th e  io n  d o es  n o t  a l t e r  i t s  
s t r u c t u r e  by  th e  l o s s  o f  a c e t y l e n e .  I t  i s  more l i k e l y  t h a t  th e  
a c e ty le n e  com es from  p a r t  (A) o f  th e  m o le c u le  b e c a u se  t h i s  i s  
a l r e a d y  e l e c t r o n  d e f i c i e n t .  Io n s  a t  a b o u t m/e =  150 w h ich  a r e  
p r e s e n t  i n  m ost com pounds d is c u s s e d  and  w h ich  have  an  ab undance  
l e s s  th a n  2% o f  th e  b a se  p e a k , may o c c u r  by th e  l o s s  o f  r i n g  (A)
( f \  +
w ith  th e  fo rm a t io n  o f  th e  i o n .
A d o u b ly  c h a rg e d  io n  a t  m /e =  8 1 .5  w h ich  c o r r e s p o n d s  to  
th e  io n  m /e =  163 may a r i s e  by th e  l o s s  o f  a c e ty le n e  from  th e  io n  
(V I) t a k in g  two e l e c t r o n s  fro m  i t  and  l e a v in g  th e  re m a in d e r  d o u b ly  
c h a rg e d .
In  th e  compound 1 1 -a m in o b e n z a n th ro n e , th e  io n  (P -2 8 )  may 
be  c a u s e d  by th e  l o s s  o f  a  c a rb o n y l  o r  th e  H^CN g ro u p ; a l s o  th e  
i o n s  (P -3 0 )  and  ( P—3"l) w h ich  o c c u r  i n  th e  s p e c tru m  o f  a n i l i n e  an d  
some am ino-com pounds by  r e - a r r a n g e m e n t  ( 2 8 ) b u t ,  u n f o r t u n a t e l y ,  th e : 
r e s o l v i n g  pow er o f  o u r  in s t r u m e n t  was n o t  h ig h  enough  to  d i s t i n g u i s h  
b e tw ee n  th e s e  p o s s i b i l i t i e s .
•IB
Benzanthrone



























1 .5 0  
0 .6 0  
0 .4 5
1 .5 0  
3*52: 
0 .9 0
1 .5 0  
1 . 2 0  
5 .3 0  
3 .0 7  
9.16  
0 .6 7  
2 . 1 0  
0 .6 0  
0 .4 5  
1 .0 5  
1 .6 5  





























1 1 .4 4
4 0 .4 5  
3 2 .0 5  
82 .4 4 . 
3 3 .5 8
100.00




1 . 7 2
1 9
3 -c h lo r o  benzanthrone
m/e % m /e % m/e %
71 0 .6 9  174
75 0 .9 2  175
81 0 .9 2  176
83  0 .4 6  197
87  1 .7 4  198
91 O.6 9  199
95  0 .8 1  200
97  O.6 9  201
98  1 .1 6  202
99 1 .8 5  203
9 9 .5  1 .9 7  210
100 9 .0 5  211
1 0 0 .3  5 .4 5  212
101 1 .7 4  213
1 1 0 .3  1 .5 9  214
111 O.3 8  213
118  3 . 2 2  229
119 2 .5 5  230
123 O.6 9  231
132 1 .9 7  232
133 0 .9 2  234
149 1 . 6 2  233
150  3 .0 1  236
151 1 .9 7  237
173 1 .3 9  238
5 .8 0 239 4 .1 8
4 .2 9 264 P 1 0 0 .0 0
1 .2 7 263 4 1 .6 9
1 .6 2 266 3 9 .3 7
8 . 1 3 267 1 4 .4 0
1 2 .4 2
4 0 .7 4















3 6 .9 3
1 2 .8 9
1 3 .2 4
3-bromo meso benzanthrone
m /e % m /e % m /e %
7 4 1 .4 9 155 2 .2 9 264 5 .2 0
75 1 .7 2 173 1 .4 9 265 2 .0 6
79 0 .4 5 174 7 .81 266 1 .9 5
80 1 .3 7 175 5 .7 4 267 0 .8 0
82 1 .2 6 176 1 .6 0 280 19 .3 1
87 3 .2 1 197 2 .0 6 281 8 . 62
8 7 .5 1 .4 9 198 1 0 .3 4 282 2 0 .0 0
95 3 .2 1 199 1 6 .0 9 283 6 .8 9
98 1 .1 4 200 5 6 .4 7 308 9 6 .4 7
99 2 .8 7 201 5 1 .7 6 309 4 2 .3 5
9 9 .5 3 .4 4 202 1 6 .8 9 310 1 0 0 .0 0
100 1 6 .0 9 203 3 .4 4 311 3 7 .6 4
1 0 0 .5 1 2 .8 7 228 0 .9 1
101 5 .4 0 229 3 .7 9
1 1 4 .5 1 .8 3 230 7 .1 2
115 1 .2 6 231 2 .2 9
122 0 .6 8 236 1 .9 5
123 1 .0 3 237 0 .6 8
126 0 .5 7 238 0 .6 8
135 0 .4 5 252 0 .9 1
14-0 3 .4 4 253 1 .3 7
141 3 .5 6 254 1 .9 5
149 2 .0 6 255 2 .2 9
150 4 .7 1 256 2 .5 2
151 2 .7 5 257 2 .2 9
152 0 .5 7 258 2 .0 6
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3«9-flikrofflo benzanthrone
m /e % m /e % m /e %
74 2 .2 6 175 1 .1 3 308 5.-82.
75 1 .61 179 1 .61 309 1 .61
80 2 .9 1 180 3 .3 9 330 0 .9 7
82 2 .2 6 181 1 .61 331 1 .2 9
87 3 .3 9 193 1 .9 4 332 1 .6 1
98 2 .5 8 194 3 .8 8 333 1 .7 7
9 8 .3 1 .2 9 195 2 .2 6 334 2 .2 6
99 6 .1 4 197 2 .1 0 333 1 .61
9 9 .3 5 . 8 2 198 1 1 .3 2 336 1 .2 9
100 1 6 .1 7 199 1 3 .2 6 337 1 .2 9
1 0 0 .3 6 .1 4 200 4 4 .0 9 358 3 .3 9
101 1 .2 9 201 1 2 .2 9 360 6 .4 7
110 0 .6 4 202 2 .2 6 362 3 .5 5
111 0 .8 0 228 2 .9 1 386  p 5 1 .4 7
122 1 .2 9 229 1 .2 9 388  p 1 0 0 .0 0
139 1 .7 7 253 0 . 8  0 390 P 5 5 .8 7
1 3 9 .3 3 .3 9 254 1 .1 3
140 2 .9 1 255 1 .1 3
1 4 0 .3 3 .5 5 236 0 .9 7
141 1 .6 1 276 2 .4 2
149 1 .6 1 277 4 .8 4
150 2 .9 1 278 4 .0 4
151 1 .2 9 279 4 .8 5
153 1 .1 3 280 2 .1 0
154 1 .2 9 305 3 .8 8
173 1 .1 3 306 6 .1 4
174 3 .5 5 307 5 .1 7
4-benzoylm esobenzanthrone
m /e % m /e %
51 6 .2 4 276 10 .4 1
77 37.4-9 277 6 .9 4
78 4-.16 278 4 .1 6
105 2 7 .7 7 279 2 .0 8
106 2 .7 7 288 3 .4 7
138 3 .4 7 503 3 .8 1
1 3 8 .5 2.4-3 304 1 5 .2 7
150 2.4-3 505 1 0 .41
151 2 .0 8 306 3 .1 2
167 5 .5 5 317 3 . 1 2
1 6 7 .5 3 .1 2 332 3 .4 7
174 2 .7 7 333 1 4 .9 3
175 4 .1 6 334  P 1 0 0 .0 0
198 2 .7 7 335 44.99
199 7 .2 9
200 35.4-1
201 4 7 .6 6
202 1 1 .8 0
229 1 0 .0 6
230 4 .1 6
257 2 2 .2 2
238 7 .6 3
274 4 .3 1
275 2 .7 7
11-m ethoxy benzantlm one
m/e % m/e % m/e %
71 0 .1 7 112 0 .3 1 190 1 0 .0 5
74 0 .5 3 113 0 .4 9 191 1 .7 4
75 0 .5 3 115 0 .3 5 192 0 .6 2
80 0 .2 2 116 0 . 6 2 193 0 .5 3
81 0 .6 2 119 0 .1 7 198 1 . 12:
8 1 .5 1 .9 7 121 O.31 199 1 .4 3
8 2 0 .7 6 122 0 .1 7 200 4 .4 8
83 0 .2 6 1 2 2 .5 0 .4 4 201 2 .5 5
85 0 .2 2 123 0 .4 9 202 2 .3 7
86 0 .5 3 124 0 .1 7 203 0 .8 0
87 1 .1 6 125 0 .2 2 216 0 .8 5
88 0 .6 7 126 0 .2 2 217 6 .2 8
89 0 .5 3 129 0 .4 0 218 1 .9 7
93 0 .5 3 130 4 .3 0 229 0 .8 0
9 3 .5 2 .5 1 1 3 0 .5 1 .7 4 230 3 .4 9
94 2 .5 5 131 0 .3 1 231 4 .8 4
9 4 .5 5 .7 ^ 137 0 .4 9 232 3 .0 5
95 1 .7 4 139 0 .5 3 233 O.98
96 0 .1 7 150 0 .9 4 244 2 .2 4
98 0 .4 4 151 0 . 6 2 245 42 .2 1
99 0 . 6 2 161 1 .1 6 246 1 4 .5 7
9 9 .5 0 .5 3 162 1 .7 0 247 2 .7 8
100 2 .1 5 163 6 .1 9 248 0 .4 4
1 0 0 .5 1 .0 7 164 1 .1 6 257 1 .5 2
101 1 .7 0 174 0 .9 4 258 1 .7 0
1 0 1 .5 0 . 6 2 175 0 .6 2 259 4 .0 3
107 0 .4 0 184 0 .4 4 260 P 1 0 0 .0 0
108 0 .4 4 185 1 .0 7 261 2 9 .6 4
1 0 8 .5 0 .7 1 186 2 .6 0 262 5 .1 1
109 0.4-9 187 1 1 .5 5 263 0 .6 7
110 0 .4 4 188 8 .0 5
111 0 .6 2 189 4 5 .2 2
$5
11 hydroxy benzanthrone
m /e % m /e % m /e %
63 1 .3 6 111 0 .7 3 186 2 . 7  2
74 0 .7 9 112 0 .3 4 187 1 4 .8 4
75 0 .7 9 113 0 .8 5 188 1 2 .4 9
81 0 .5 6 122 0 .3 9 189 5 5 .4 6
8 1 .3 1 .9 3 123 4 .3 1 190 1 8 .7 4
8a 1 .0 7 1 2 3 .5 1 .9 3 191 3 . 12:
86 0 .7 9 124 0 .3 9 192 0 .5 1
87 1 .5 9 126 0 .4 5 193 0 .7 9
88 0 .5 6 137 0 . 9 6 194 0 .9 0
89 0 .6 2 138 0 .4 5 195 0 .9 0
93 0 .4 5 139 1 .1 9 196 O.5 6
9 3 .5 2 .4 9 149 0 .2 8 198 0 .7 9
94 4 .3 7 150 1 .1 9 199 0 .7 9
9 4 .5 1 1 .71 151 0 .8 5 200 1 .7 0
95 4 .6 4 152 0 .3 4 201 1 .0 7
96 0 .3 9 161 1 .8 7 202 1 .2 4
97 0 . 2 2 162 2 .7 2 205 0 .4 5
98 0 .6 8 163 1 0 .9 3 216 0 .5 1
99 0 .7 3 164 6 .2 4 217 2 .3 8
100 0 .9 0 165 1 .3 0 218 2 2 .6 5
109 4 .6 5 174 0 . 6 2 219 6 .2 4
1 0 9 .5 2 .1 0 175 0 .4 5 220 1 .0 7
110 0 .7 9 185 1 .0 2 229 0 .7 3
230 0 .7 9
244 1 .6 4
245 8 .8 0
246 P 1 0 0 .0 0
247 3 3 .5 9
248 6 .2 4
26
11 amino benzanthrone
m/e % m /e % m /e %
71 0 .8 4 139 0 .7 0 216 12 .91
81 0 .9 8 150 1 .1 2 217 1 6 .5 6
8 1 .5 2 .1 0 151 0 .8 4 218 5 .6 1
82 0 .9 8 152 0 . 5 6 219 1 .1 2
83 0 .7 0 162 1 .1 2 230 1 .1 2
9 3 .5 2 .1 0 163 4 .2 1 243 5 .8 9
94 3 .0 8 164 2 .2 4 244 1 7 .5 4
9 4 .5 6 .8 7 165 2 .2 4 245 P 1 0 0 .0 0
95 3 .2 2 186 1 .4 0 246 3 1 .5 7
9 5 .5 3 .3 6 187 6 .7 3
96 0 . 5 6 188 6 .4 5
100 1 .4 0 189 2 1 .0 5
1 0 7 .5 3 .0 8 190 8 .5 6
108 1 .6 8 191 1 .9 6
1 0 8 .5 4 .4 9 198 0 .8 4
109 1 .6 8 199 1 .1 2
111 0 .5 6 200 3 .5 0
113 0 .4 2 201 1 .8 2
1 1 3 .5 2 . 5 2 : 202 0 .8 4
114 1.121 205 1 .5 4
122 0 .8 4 212 1 . 1 2
1 2 2 .5 3 .7 8 213 1 .4 0
123 1 .6 8 214 7 .0 1
137 0 .5 6 215 7 .01
11-form yl amino benzanthrone
m /e % m /e % m/e %
8 1 .5 7 .8 8 135 2 .7 2 190 2 0 .4 0
93 5 . 0 0 136 2 .0 4 191 4 .0 8
9 3 .5 1 0 .2 0 1 3 6 .5 4 .6 6 200 4 .0 8
9 4 1 4 .9 6 137 5 .4 4 201 2 .7 2
9 4 .5 2 1 .0 8 138 2 .7 2 211 3 .4 0
95 1 4 .9 6 139 3 .4 0 212 4 .0 8
9 5 .5 8 .8 4 148 2 .0 4 213 1 9 .0 4
96 4 .7 6 149 6 .1 2 214 1 4 .9 6
99 3 .4 0 150 4 .7 6 215 1 7 .6 8
9 9 .5 2 .0 4 151 4 .0 8 216 2 1 .0 8
100 4 .7 6 152 2 .7 2 217 1 0 .2 0
1 0 0 .5 2 .7 2 161 3 .4 0 243 1 0 .8 8
104 7 .4 8 162 5 .4 4 244 2 5 .8 4
105 4 .7 6 163 1 2 .2 4 245 5 8 .4 8
107 5 .4 4 164 6 .8 0 246 3 0 .6 0
1-07.5 9 .5 2 165 5 .4 4 254 4 .0 8
108 6 . 8o 166 2 .0 4 255 8 .8 4
1 0 8 .5 1 1 .5 6 174 2 .7 2 256 4 o .8 o
109 8 .8 4 175 2 .7 2 257 2 0 .4 0
113 2 .7 2 176 2 .7 2 271 1 2 .2 4
1 1 3 .5 6 .1 2 177 2 .0 4 272 1 3 .6 0
114 5 .4 4 185 2 .7 2 273 P 1 0 0 .0 0
1 2 1 .5 2 .0 4 186 4 .0 8 274 5 4 .4 0
1 2 2 2 .7 2 187 2 0 .4 0
1 2 2 .5 6 .8 0 188 1 9 .0 4
123 5 .7 8 189 5 1 .6 8
11:.1 b en zan th ro lacton e
m /e % m /e % m /e %
63 O.9 6 1 3 5 .5 0 .5 3 221 0 .3 7
74 0 .6 4 136 3 .5 2 242 0 .3 2
75 0 .5 3 1 3 6 .5 1 .4 9 243 2 .51
81 0 .9 6 137 0 .8 0 244 1 6 .6 6
86 0 .9 6 138 0 . 3 2 245 4 .5 9
87 1 .1 7 161 1 .9 7 246 0 .7 4
93 1 .81 162 1 .6 5 272 P 1 0 0 .0 0
9 3 .5 6 .8 3 163 0 .4 2 273 3 4 .0 2
94 8 .3 3 184 0 .5 3 274 5 .5 5
9 4 .5 2 .2 4 185 1 .7 0
95 0 .1 6 186 6 .0 3
98 0 .6 4 187 2 4 .3 0
99 0 .3 7 188 1 3 .8 8
108 2 .0 2 189 2 .5 1
1 0 8 .5 0 .7 4 190 0 .3 7
109 0 .2 6 198 0 .4 8
110 0 .9 0 199 0 .5 3
111 0 .8 5 200 0 .7 4
113 0 .2 6 215 0 .7 4
122 3 .3 1 216 2 .0 2
1 2 2 .5 1 .1 2 217 0 .7 4
123 0 . 3 2 218 0 .5 8
134 0 .3 7 219 O.6 9
135 0 .5 3 220 0 .5 8
9 -n itro -1 -carb oxyb en zan th ron e
m /e % m/e % m /e %
71 1 .4 1 151 3 .3 0 243 1 .8 8
83 1 .4 1 156 2 .8 3 244 3 .7 7
83 1 .8 8 157 6 .3 6 245 2 2 .6 4
87 3 .0 6 158 1 .8 8 246 7 .0 7
9 3 .3 3 .0 6 163 2 .3 5 247 1 .4 1
94 3 .7 7 174 3 .3 0 256 3 .3 0
9 4 .5 9 .4 3 175 2 .5 9 259 1 2 .2 6
93 3 .0 6 176 1 .8 8 260 2 .8 3
97 1 .8 8 177 1 .4 1 261 2 .3 5
98 1 .41 185 9 -9 0 269 1 .4 1
99 1 .8 8 186 3 .3 0 271 3 .0 6
9 9 .5 2 .1 2 187 1 1 .3 2 272 9 .4 3
100 5 .6 6 188 7 .7 8 273 1 0 .8 4
100:. 3 1 .8 8 189 9 .9 0 274 4 .2 4
103 2 .3 5 190 2 .3 5 275 7 .5 4
109 2 .5 9 197 2 .3 5 276 1 .8 8
111 2 .8 3 198 8 .9 7 287 5 .4 2
112 4 .7 1 199 1 8 .1 6 288 6 .6 0
113 2 .3 5 200 3 5 .1 4 289 1 6 .5 0
1 2 2 3 .3 0 201 1 9 .3 3 290 4 .7 1
123 5*66 202 4 .2 4 302 5*66
124 2 .1 2 205 2 .3 5 303 2 .1 2
125 2 .3 5 213 2 .3 5 317 1 2 .4 9
128 2 .3 5 215 1 .4 1 318 3 7 .4 9
129 5 .1 8 216 3 .0 6 319 P 1 0 0 .0 0
1 3 6 .5 2 .1 2 217 2 .1 2 320 3 0 .6 6
137 2 .3 5 227 3 .3 0 329 2 .8 3
139 3 .3 0 228 5*66 330 1 .6 5
149 6 .1 3 229 3 .0 6 334 2 .3 5
150 3 .7 7 233 3 .3 0
9 n it r o  1:11 k e to  benzanthrone
m/e % m/e % m/e %
77 4 .8 3 125 1 .9 9 227 1 0 .3 3
81 1 .6 6 129 2 .3 3 228 2 .9 9
82 0 .9 9 135 1 .6 6 242 1 .6 6
83 1 .9 9 1 3 5 .5 1 .3 3 243 1 2 .8 3
84 0 .9 9 136 1 .3 3 244 4 .8 3
83 1 .3 3 137 1 .6 6 245 2 .1 6
86 1 .6 6 139 1 .6 6 246 0 .9 9
87 1 .9 9 149 3 .8 3 255 4 9 .9 9
93 1 .8 3 158 2 .4 9 256 1 6 .6 6
9 3 .5 2 .8 3 173 1 .9 9 257 2 .9 9
9k 3 .1 6 185 5 .9 9 259 3 .9 9
95 0 .9 9 186 3 .9 9 269 0 .9 9
97 0 . 6 6 187 1 2 .6 6 270 3 .9 9
98 1 .8 3 188 4 .3 3 271 3 7 .4 9
99 7 .3 3 189 1 .3 3 272 1 8 .8 3
9 9 .5 6 .4 9 196 1 .3 3 273 4 .9 9
100 2 .3 3 197 5 .4 9 274 0 .9 9
107 1 .6 6 198 2 7 .0 8 287 4 .6 6
108 1 .4 9 199 4 5 .8 3 288 1 .6 6
109 1 .9 9 200 1 0 .9 9 289 0 .9 9
110 2 .3 3 201 2 .4 9 301 P 1 0 0 .0 0
111 3 . 6 6 202 1 .3 3 302 2 9 .1 6
112 3 .4 9 203 1 .3 3 303 5 .9 9
113 2 .1 6 212 1 .6 6 317 i 6 .6 6
1 1 3 .5 2 .3 3 213 1 .9 9 .a 00 H* 1 .9 9
119 1 .6 6 214 3 .3 3 328  i 1 .3 3
122 2 .9 9 215 2 .9 9
123 5 .8 3 21 6l 1 .3 3
124 1 .9 9 217 0 .9 9
1-m e th y l-7 »12 -d ih yd rop le iad en e~ 7-on e
m /e m /e % m /e %
39 1 .01 86 o .4 o 1 0 6 .5 7 .6 8
41 1 .0 5 87 0 .9 7 107 8 .4 3
43 1 .0 5 88 2 .6 4 1 0 7 .5 2 1 .3 3
50 0 .4 8 8 8 .5 0 .8 1 108 7 .6 8
51 0 .8 9 89 1 .5 0 109 1 .1 7
55 1 .1 7 8 9 .5 O.6 9 110 0 .6 0
56 0 .4 8 90 0 .5 6 111 0 .9 7
57 1 .0 9 91 0 .4 8 1 1 1 .5 1 .01
62- 0 . 3 2 93 0 . 5 2 112 3 .0 9
63 1 .3 ^ 9 3 .5 1 .3 8 1 1 2 .5 3 .6 5
64 O.3 6 94 2 .11 113 1 4 .1 3
65 0 .3 2 9 4 .5 7 .9 3 1 1 3 .5 8 .4 3
67 0 .4 8 95 3 .0 9 114 2 1 .3 3
69 0 .8 9 96 0 .4 8 1 1 4 .5 1 0 .1 6
70 0 .4 8 97 0 .6 5 115 1 1 .9 0
71 0 .6 5 98 0 .5 6 1 1 5 .5 3 .9 6
74 0 . 5 6 99 0 .8 1 116 1 .1 3
75 1 .0 5 9 9 .5 O.85 117 0 .3 2
76 1 .3 0 100 3 .4 9 118 0 .2 8
77 1 .1 7 1 0 0 .5 2 .8 4 1 1 8 .5 0 .3 6
78 0 . 3 2 101 7 .9 3 119 O.8 9
79 0 . 3 2 1 0 1 .5 3 .9 6 1 1 9 .5 0 .8 5
81 0 .7 3 102 1 .4 6 120 0 .8 5
8 1 .5 0 .6 0 103 0 .4 0 121 4 .4 7
82 0 .5 6 104 0 . 3 2 1 2 1 .5 2 .4 3
83 O.5 6 105 0 .8 5 122 1 .0 5
84 0 . 3 2 1 0 5 .5 1 .0 5 123 0 . 5 2 -
85 0 .4 0 106 2 .6 0 124 0 .3 2
1-m e th y l-7 »12-d ih yd rop le iad en e~ 7-on e
2'
m /e % m /e % m/e %
125 O.5 6 163 2 .7 2 213 1 7 .7 0
126 1 .1 3 164 1 .1 3 214 1 4 .5 8
127 0 .9 7 165 1 .5 8 215 63 .51
1 2 7 .5 O.6 9 166 0 .4 4 216 2 1 .8 7
128 2 .0 3 173 0 .2 4 224 4 .9 6
1 2 8 .5 1 .0 5 174 1 .3 0 225 7 .9 3
129 2 .4 3 175 1 .5 0 226 19 .21
1 2 9 .5 1 .0 5 176 1 .0 9 227 16 .61
150 0 . 3 2 177 O.8 5 228 23 .81
151 0 .2 0 178 O.5 6 229 2 8 .7 7
135 0 . 3 2 179 0 .4 0 230 1 1 .9 0
134 0 .2 8 180 1 .4 6 243 7 7 .0 8
135 O.5 6 181 O.5 6 244 2 6 .0 4
1 3 5 .5 0 .4 0 185 0 .4 0 257 2 2 .9 1
136 1 .8 7 186 1 .0 5 258 P 1 0 0 .0 0
1 3 6 .5 0 .8 1 187 3 .9 8 259 2 3 .9 5
137 0 .7 7 188 2 .9 2
138 0 .7 3 189 6 .4 4
139 2 .7 2 190 2 .3 5
14-0 O.6 9 191 1 .0 5
141 0 .3 2 192 0 .9 3
148 0 . 1 6 193 0 .7 7
149 0 .7 3 194 0 .4 8
150 2 .2 3 198 1 .0 9
151 2 .4 8 199 2 .2 3
152 3 .2 5 200 6 .6 9
153 0 .9 3 201 6 .4 4
161 0 .4 8 202 1 1 .1 5
162 0 .7 7 203 3 .9 6
35
1 ch lo ro  7<12 d ih yd rop le iad en e 7<12-d ion s
m /e m /e % m /e %
50 7 .4 4 98 5 .9 5 120 1 .1 5
51 5 .7 8 99 14 .21 121 0 .9 9
55 1 .6 5 9 9 .5 15.21 122 2 .8 1
62 2 .3 1 100 5 8 .3 5 123 5 .4 5
63 4 .9 6 1 0 0 .5 2 7 .0 8 124 2 .9 7
74 8 .9 2 101 7 .4 4 125 7 .6 0
75 1 4 .0 5 1 0 1 .5 1.81 126 3 .8 0
76 7 .7 1 105 6 .4 4 1 3 1 .5 1 .4 8
77 3 .4 7 1 0 5 .5 3 .3 0 132 6 .9 4
80 1 .1 5 106 3 .6 3 1 3 2 .5 3 .1 4
82 1 .1 5 1 0 6 .5 2 .1 4 135 3 .3 0
8 2 .5 0 .9 9 107 0 .6 6 1 3 3 .5 0 .9 9
83 0 .8 2 1 0 7 .5 0 .6 6 134 0 .9 9
85 0 .9 9 108 0 . 8 2 135 1 .3 2
86 3 .4 7 109 2 .4 8 137 1 .3 2
8 6 .5 2 .31 110 2 .4 8 138 0 . 8 2
87 1 3 .2 2 111 2 .9 7 139 0 .6 6
8 7 .5 5 .7 8 112 0 .9 9 1 4 5 .5 0 .9 9
88 2 .9 7 113 1 .81 146 1 .1 5
89 0 .6 0 114 3 .8 0 1 4 6 .5 0 .6 6
92 0 .9 9 1 1 4 .5 5 .9 5 147 1 .1 5
93 1 .3 2 115 2 .31 148 1 .1 5
9 3 .5 1 .9 8 117 2 .31 149 4 .6 2
94 2 .4 8 1 1 7 .5 4 .9 6 150 8 .5 9
9 4 .5 4 .1 3 118 3 7 .4 9 151 5 .6 2
95 2 .3 1 1 1 8 .5 14 .21 152 0 .9 9
96 0 .9 9 119 1 3 .8 8 160 4 .2 9
97 1 .3 2 1 1 9 .5 4 .7 9 161 2 .9 7
M1 ch lo ro  7»12 d ih yd rop le iad en e  7 i1 2 -d io n s
2
m /e % m /e % m /e %
162 3 .6 3 228 2 .1 4 268 1 .6 5
163 3 .1 4 229 1 2 .0 7 290 1 .3 2
164 0 .6 6 230 4 .2 9 291 2 1 .9 9
173 3 .8 0 231 0 . 8 2 292 P 1 0 0 .0 0
174 1 4 .0 3 234 3 .3 0 293 3 7 .4 9
173 1 0 .3 8 233 1 0 .2 5 294 3 3 .4 1
176 2 .4 8 236 6 8 .7 4 293 1 0 .91
197 4 .4 6 237 2 4 .8 0 296 2 .31
198 1 6 .8 6 238 27 .11
199 3 1 .2 4 239 9 .9 2
200 9 3 .8 3 240 4 .2 9
201 6 0 .4 1 241 2 .9 7
202 1 3 .2 2 242 1 .6 5
203 2 .6 4 243 2 .1 4
209 1 .9 8 244 1 .3 2
210 3 .3 0 . 237 19 .31
211 4 .4 6 258 7 .7 7
212 4 .1 3 259 1 .81
213 4 .6 2 263 9 .2 5
214 2 .9 7 264 8 1 .2 4
213 2 . 6 4 ' 263 2 8 .1 0
216 1 .6 3 266 2 9 . 1,6
227 0 . 8 2 267 9 .2 5
5 5
1 hydroxy 7<12 d ih yd rop le iad en e 7 .1 2 -d io n s
m /e % m /e % m /e %
39 2 .8 6 87 3 .1 4 112 0 .8 1
41 5 .4 6 88 2 .1 8 113 4 .6 4
42 1 .5 0 89 1 .3 6 114 2 .8  6
43 3 .8 2 91 3 .1 4 115 1 .9 1
30 1 .3 0 92 0 .6 8 117 1 .0 9
51 2 .3 2 93 2 .7 3 118 0 .9 5
53 1 .9 1 9 3 .5 2 .7 3 119 1 .9 1
55 7 .6 5 94 6 .5 5 120 0 .9 5
56 1 .3 6 9 4 .5 1 5 .71 121 1 .3 6
57 1 .5 0 95 8 .8 7 122 1 .2 2
62 1 .3 6 96 1 .3 6 1 2 2 .5 1 .0 9
63 3 .8 2 97 2 .1 8 123 6 .01
65 1 .3 6 98 1 .5 0 1 2 3 .5 1 .7 7
67 2 .4 5 99 1 .5 0 124 1 .0 9
69 3 .1 4 100 2 .3 2 125 0 .8 1
75 2 .1 8 1 0 0 .5 0 .8 1 126 0 .8 1
76 2 .0 4 101 0 .8 1 131 1 .0 9
77 4 .2 3 103 0 .5 4 132 0 .5 4
78 0 .6 8 104 0 .6 8 133 1 .91
79 2 .1 8 105 3 .0 0 134 0 .8 1
80 0 .8 1 106 1 .0 9 135 1 .2 2
81 3 .2 7 107 2 .0 4 136 0 .8 1
8 1 .3 2 .8 6 108 1 .0 9 1 3 6 .5 0 .8 1
82 2 .7 3 109 10 .51 137 2 .0 4
83 1 .3 6 1 0 9 .5 3 .2 7 138 1 .3 6
85 0 .6 8 110 2 .0 4 139 2 .3 2
86 1 .6 3 111 1 .5 0 145 0 .9 5
1 h y d ro x y  7<12 d ih y d r o p le ia d e n e  7 .1 2  d io n s
2
m /e % m /e % m /e %
146 0 .5 4 195 0 .8 1 274  P 1 0 0 .0 0
147 1 .0 9 198 1 .3 6 275 3 0 .3 2
148 1 .3 6 199 1 .6 3 276  6.01
149 1 .0 9 200 4 .0 9 277 1 .0 9
150 2 .3 2 201 3 .0 0
151 1 .2 2 202 1 .3 6
152 0 .6 8 203 0 .8 1
159 0 .8 1 216 1 .2 2
160 0 .5 4 217 6 .9 6
161 2 .1 8 218 2 6 .2 2
162 3 .0 0 219 7 .6 5
163 1 1 .2 0 220 2 .5 9
164 3 .9 6 221 1 .7 7
165 0 .9 5 222 1 .7 7
175 0 .8 1 223 1 .3 0
174 1 .6 3 224 0 .8 1
179 1 .3 6 229 2 .3 2
176 1 .6 3 230 1 .3 6
185 1 .3 6 232 2 .0 4
186 3 . 8 2 244 1 .9 1
187 1 6 .1 2 245 1 4 .4 8
188 1 3 .3 7 246 8 8 .5 2
189 3 9 .8 3 247 2 4 .5 9
190 1 8 .9 8 248 4 .6 4
191 3 .2 7 249 1 .0 9
192 0 .8 1 257 1 .7 7
193 0 .8 1 258 0 .5 4
194 1 .0 9 273 2 4 .5 9
CHAPTER THREE 
The Mass S p e c t r a  o f  some F e r r o c e n e s
P r e v io u s  s t u d i e s  i n  t h i s  c l a s s  o f  com pounds have  b een  
m a in ly  c o n c e rn e d  w ith  th e  e l e c t r o n - i m p a c t  m e asu rem en ts  o f  
i o n i z a t i o n  p o t e n t i a l  ( 2 9 ) and  w ith  some m ass s p e c t r a  o f  th e  
s im p le  c y c lo p e n ta d ie n y l s  (3 0 ) •  One o r  two i s o l a t e d  r e p o r ts  o f  
su c h  s p e c t r a  ( 6 8 ) h av e  b een  made an d  th e  p r e s e n t  co m m u n ica tio n  
e x te n d s  th e  i n v e s t i g a t i o n  to  a  w id e r  r a n g e  o f  s u b s t i t u t e d  c y c lo  
p e n t a d ie n y l  i r o n  com pounds. The s t r u c t u r e  o f  th e  com pounds 
s t u d i e d  a r e  g iv e n  b e lo w :
« ^ > - c 6 h 4 n o 2 ^ - s o 2 n h 2
2
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The known s t a b i l i t y  and  'a ro m a tic *  c h a r a c t e r  o f  
f e r r o c e n e  com pounds i s  q u i t e  c o n s i s t e n t  w i th  th e  p r e s e n t  o b s e rv a ­
t i o n  t h a t  th e  m ost a b u n d a n t i o n ,  th e  b a s e  p e a k , i s  a l s o  th e  
p a r e n t  m o le c u la r  i o n .  T h is  io n  i s  much more a b u n d a n t th a n  any  
o th e r  io n  i n  th e  s p e c tru m , a  f e a t u r e  w h ich  i s  a l s o  fo u n d  i n  th e  
s p e c t r a  o f  a ro m a t ic  h y d ro c a rb o n s .
I t  i s  u s u a l l y  c o n s id e r e d  t h a t  th e  f u r t h e r  o x id iz e d  
f e r r o c e n e  w h ich  h a s  a  f e r r i c  io n  atom  i s  u n s ta b l e  and  decom poses 
i n  s o l u t i o n .  S in c e  th e  i o n i z a t i o n  o f  th e  p r o c e s s  f e r r o u s  to  
f e r r i c  i s  v e ry  much l e s s  th a n  any  o t h e r  p l a u s i b l e  e l e c t r o n  rem o v a l 
i n  th e  m o le c u le  ( 6 9 , 7 0 ) ,  i t  i s  r e a s o n a b le  to  su p p o se  t h a t  th e  
e l e c t r o n  rem oved i n  th e  r e a c t i o n :
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com es from  th e  i r o n  a to m . I t  m ust be i n f e r r e d  from  t h i s  t h a t
th e  tim e  w h ich  e l a p s e s  b e tw ee n  i o n i z a t i o n  and  c o l l e c t i o n  o f  th e
—6i o n ,  a b o u t 1 x  10~ s e c . ,  i s  to o  s h o r t  f o r  th e  b re a k -u p  o f  th e
f e r r o c in iu m  i o n .
C o n s id e r a t io n  o f  th e  s t r u c t u r e  o f  a  f e r r o c e n e  s u g g e s ts
t h a t  th e  m o le c u la r  io n  m ig h t f ra g m e n t by th e  l o s s  o f  one r i n g
from  th e  s t r u c t u r e  o r ,  l e s s  p r o b a b ly ,  by th e  l o s s  o f  th e  i r o n .
An e x a m in a t io n  o f  th e  p r e s e n t  s p e c t r a  shows l i t t l e  e v id e n c e  f o r
th e  l o s s  o f  f i f t y - s i x  m ass u n i t s  c o r r e s p o n d in g  to  th e  i r o n  o r ,
e x c e p t i n  one i n s t a n c e ,  o f  th e  rem o v a l o f  s i x t y  u n i t s .  In  th e
e x c e p t io n a l  c a s e ,  th e  a p p r o p r i a t e  m ass c o u ld  be o b ta in e d  from  th e
a t t a c h e d  s i d e  c h a in  -C 0-(C H ^),C 0_H .2 $ 2
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A n a ly s is  o f  a  l a r g e  num ber o f  a ro m a tic  com pounds 
p o s s e s s in g  an  a l k y l  s i d e - c h a i n  ( 5 2 ) h a s  shown a  p r e f e r r e d  p o in t  
o f  f i s s i o n  a t  th e  b e n z y l ic  c a rb o n -c a rb o n  bond (A-9). T h is  
phenom enon h a s  b een  exam ined  i n  c o n s id e r a b le  d e t a i l  by  M eyerson 
and  h i s  c o l l a b o r a t o r s  ( 5 0 *5 2 , 5 3 ) who have  p ro v id e d  a  r a t i o n a l  
e x p la n a t io n  f o r  t h i s  and r e l a t e d  o b s e r v a t i o n s .  T hese  a u th o r s  
s u g g e s t  t h a t  th e  d r i v i n g - f o r c e  f o r  su c h  b o n d - f i s s io n  i s  th e  
fo r m a t io n  o f  t r o p y l iu m  i o n ,  a  th e rm o d y n a m ic a lly  s t a b l e  p r o d u c t .
An e x a m in a t io n  o f  th e  p r e s e n t  s p e c t r a  show s t h a t  su c h  
an  e f f e c t  d o es  n o t  o p e r a te  i n  th e  f e r r o c e n e s .  F r a g m e n ta t io n s  
t h a t  o c c u r  do so  i n  a c c o rd a n c e  w ith  th e  u s u a l l y  r e c o g n iz e d  weak 
b o n d s i n  th e  i o n s .  In  p a r t i c u l a r  th e  m e th y l c y c lo p e n ta d ie n y l  
i r o n  io n  d o e s  n o t  show a  f a c i l e  l o s s  o f  h y d ro g en  atom  a s  i s  th e  
c a s e  w i th  th e  to lu e n e  i o n .  Thus i t  seem s t h a t  on th e  p r e s e n t ,  
r a t h e r  l i m i t e d  e v id e n c e ,  t h e r e  i s  no s i m i l a r i t y  i n  th e  modes o f  
f i s s i o n  o f  th e  f e r r o c e n e s  an d  c o r r e s p o n d in g  a ro m a tic  com pounds.
T hese  a n a ly s e s  w ere  made u s in g  a  M e tr o p o l i ta n - V ic k e r s  
MS2 m ass s p e c t r o m e te r  i n  th e  u s u a l  w ay.
We w ish  to  ack n o w led g e  w ith  th a n k s  th e  k in d  p r o v i s io n  
o f  th e  f e r r o c e n e  com pounds by  P r o f e s s o r  P . L . P auson  o f  th e  
R o y a l C o lle g e  o f  S c ie n c e  and  T e c h n o lo g y , G lasgow .
CHAPTER THREE
The m ass s p e c t r a  o f  some f e r r o c e n e s
P re v io u s  s t u d i e s  i n  t h i s  c l a s s  o f  com pounds h av e  been  
m a in ly  c o n c e rn e d  w ith  e l e c t r o n  im p a c t m easu rem en ts  o f  i o n i z a t i o n  
p o t e n t i a l  (2 9 )  and  w ith  some m ass s p e c t r a  o f  th e  s im p le  c y c lo -  
p e n t a d i e n y l s  ( 3 0 , 3^» 3 2 ) .
The p r e s e n t  s t u d i e s  have b een  c a r r i e d  o u t  to  exam ine 
th e  c h a r a c t e r i s t i c  c r a c k in g  p a t t e r n s  o f  f e r r o c e n e  and  some o f  
i t s  d e r i v a t i v e s .  In  a l l  s p e c t r a  e x c e p t  one th e  m o le c u la r  io n  i s  
th e  m ost a b u n d a n t ,  th e  b a s e  p e a k . T h is  e v id e n c e  show s t h a t  t h i s  
c l a s s  o f  m e ta l l o - o r g a n ic  com pounds h a s  h ig h  s t a b i l i t y  a r i s i n g  
fro m  th e  c o n ju g a t io n  o f  th e  c y c lo p e n ta d ie n e  r i n g s  th ro u g h  th e  
i r o n  a tom .
F e r ro c e n e  h a s  th e  b a s e  p eak  and  th e  m o le c u la r  io n  a t  
m /e =  186 , th e  p ro m in e n t p e a k s  i n  th e  f e r r o c e n e  s p e c tru m  b e in g ' 
a t  m /e = 1 2 1  and  m /e =  56  and  a r i s i n g  from  th e  bond f i s s i o n  o f
i r o n  to  th e  r i n g  (C.-H.-). The io n  a t  m /e = 1 2 1  may s p l i t  i n  two
5 5
d i f f e r e n t  w ays and  g iv e  r i s e  to  C^H^Fe* (m /e = 9 5 )  and  02^ 6^  
(m /e = 8 1 ) i o n s ;  t h e i r  ab u n d an ce  i s  l e s s  th a n  10% o f  th e  b a se  
p e a k . The io n  a t  (P -2 )  c o r r e s p o n d s  to  an  i s o to p e  o f  th e  i r o n  
a to m . The m o le c u la r  io n  a l s o  g iv e s  r i s e  to  a  d o u b ly  c h a rg e d  io n
I n  p h e n y l f e r r o c e n e  t h e r e  i s  e v id e n c e  o f  th e  l o s s  o f  a
c y c lo p e n ta d ie n e  r i n g  (Cc Hc ) ,  o r  o f  0,-Ht-Fe w hich  g iv e s  th e
5 5 5 5
f o l lo w in g  i o n s :
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Compound X i s  an a ro m a tic  one and  t h e r e  i s  th e  l o s s  o f  
a c e ty le n e  g ro u p  from  th e  m o le c u le  to  fo rm  an  io n  a t  m /e =  1 1 5 »
The r e s t  a r e  th e  io n s  w h ich  have  been  s e e n  i n  th e  f e r r o c e n e  
s p e c t r a .
I n  m -c h lo ro p h e n y lf e r ro c e n e  t h e r e  i s  th e  p o s s i b i l i t y  
o f  l o s i n g  th e  c h lo ro  s u b s t i t u e n t ;  a l s o  £ ~ n i t r o p h e n y l f e r r o c e n e  
show s a  te n d e n c y  to  l o s e  ' 0 *, NO, NO 2 and  CNO2 g ro u p s  from  th e  
m o le c u la r  io n  w h ich  i s  one o f  th e  c h a r a c t e r i s t i c s  o f  th e  c r a c k in g  
p a t t e r n ,  o f  n i t r o  com pounds ( 2 5 ,2 6 ) .  The r e s t  o f  th e  s p e c tru m  i s  
s i m i l a r  to  t h a t  o f  p h e n y l f e r r o c e n e ,  a l th o u g h  th e  m o le c u le  may 
l o s e  Cr-H,- o r  C_H,_Fe. I t  a l s o  e l i d e s  th e  s u b s t i t u e n t  on th e  b en ze n e
5 5 5 5
r i n g  t o g e th e r  w i th  one h y d ro g en  a to m . The io n  m /e =: 1^0 a r i s e s  
fro m  t h i s  f r a g m e n ta t io n  and  t h e r e  i s  a  f u r t h e r  p o s s i b i l i t y  o f  th e  
l o s s  o f  an  a c e ty le n e  m o le c u le  from  th e  io n  to  y i e l d  a  new io n
l e s s  th a n  3% o f  th e  b a se  p e a k .
I n  £ - a n i s y l f e r r o c e n e  th e  l o s s  o f  m e th y l and  m e th o x y l 
g ro u p s  from  th e  m o le c u la r  io n  i s  acco m p an ied  by th e  m e ta s ta b le  
i o n s  a t  in/e =  263  and  m /e =  224 r e s p e c t i v e l y .
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A d d i t i o n a l l y ,  th e  f o l lo w in g  m e ta s ta b le  t r a n s i t i o n s  w ere  o b s e rv e d :
m /e P ro c e s s
1^3 171+ . . . . ..................................  156+ + CH^
107 156+ .............................................  128* + CO
The r e s t  o f  th e  s p e c tru m  i s  s i m i l a r  to  m -c h lo ro  o r  
£ - n i t r o  p h e n y l f e r r o c e n e .  In  c y a n o fe r ro c e n e  t h e r e  i s  th e  e v id e n c e  
o f  th e  l o s s  o f  a  h y d ro g en  c y a n id e  m o le c u le .  F i s s i o n s  may a l s o  
o c c u r  i n  th e  fo l lo w in g  w ays:
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T h e re  i s ,  m o re o v e r , th e  p o s s i b i l i t y  o f  f i s s i o n  a t  ’ C* 
and  ' D* bond p o s i t i o n s  s im u l ta n e o u s ly  to  g iv e  th e  i r o n  atom  io n  
a t  m /e — 5 6 . F u r t h e r ,  th e  (C^H^Fe) f ra g m e n t may s p l i t  i n  two 
d i f f e r e n t  w ays and  g iv e  r i s e  to  th e  io n s  (FeC ^H ,) a t  m /e = 95 and  
(C2HFe) m/e =  8 1 .
I n  f e r r o c e n e  m e th y l g l u t a r y l a t e  and  f e r r o c e n e  g l u t a r y l i c  
a c i d  th e  p a r e n t  io n  i s  a l s o  th e  b a s e  p e a k . T hese com pounds g iv e  
th e  same p r o d u c ts  a s  a c i d s  ( 3 3 *3^* 2 7 ) and  e s t e r s  ( 3 5 *3 6 ) u n d e r  
e l e c t r o n  im p a c t .  In  th e  s p e c tru m  o f  f e r r o c e n e  g l u t a r y l i c  a c id  
i o n s  (P -1 7 )  * (P-44-) and  (P-A-6 ) a r e  o b s e rv e d  w hich  c o r re s p o n d  to  
th e  l o s s  o f  h y d ro x y l ,  c a rb o n  d io x id e  and  CO^R  ^ g ro u p s  by  r e ­
a r ra n g e m e n ts  ( 3 7 ) .  The io n  a t  m /e =  2k0 r e p r e s e n t s  th e  l o s s  o f  
a c e t i c  a c i d  from  th e  m o le c u la r  i o n .  I n  th e  f e r r o c e n e  m e th y l 
g l u t a r y l a t e  compound a  m e th o x y l g ro u p  i s  e l i d e d  from  th e  
m o le c u la r  io n  ( 3 8 ) .  F u r th e r  f r a g m e n ta t io n s  i n  th e s e  two com­
p o u n d s o c c u r  w i th  s i n g l e  h y d ro g en  t r a n s f e r .  F o rm a tio n  o f  r e -  
\
a r r a n g e d  io n s  i n  t h i s  c l a s s  o f  com pounds h a s  a l r e a d y  been  
i n v e s t i g a t e d  (39  *^-0*^1 ,^2 ,4 -3 ) •
Tfie f r a g m e n ta t io n  o c c u r s  a t  th e  oL * /3  1 o r  J  bond
r e l a t i v e  to  th e  c a rb o x y l  g ro u p  w ith  a  c o n c o m ita n t s i n g l e  h y d ro g en  
t r a n s f e r .  T h e re  i s  th e  p o s s i b i l i t y  o f  l o s i n g  th e  e n t i r e  s id e  
c h a in  and  l e a v in g  a  f e r r o c e n e  r a d i c a l  io n .  The e v id e n c e  o f  b r e a k ­
down a t  th e  m e ta l  bond w ith  c y c lo p e n ta d ie n e  r i n g  (C,-H^) i s  shown 
by th e  p r e s e n c e  o f  m /e =121 and  m /e = 56 i o n s .  In  a c e ta m id o -  
f e r r o c e n e  £he p o s s i b i l i t y  o f  fo rm a t io n  o f  (P-OCH^) io n  a t  m /e =  228
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i s  h ig h .  The p o s s i b i l i t y  o f  f i s s i o n  o l to  a  n i t r o g e n  bond h a s
b een  o b s e rv e d  i n  m ost am ide com pounds (**4 ,^5 ). The (P-OCH-)
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io n  may e l i d e  c y c lo p e n ta d ie n e  and  one h y d ro g en  a t t a c h e d  to
th e  n i t r o g e n  a tom ) to  fo rm  an  io n  a t  m /e = 1 6 2 .  The r e s t  o f  th e  
s p e c t r a  i s  s i m i l a r  to  th e  io n s  w h ich  have a l r e a d y  b een  d i s c u s s e d  
i n  t h i s  c l a s s  o f  com pounds.
I n  m e th y lf e r r o c e n e  th e  b a se  p e a k  i s  th e  p a r e n t  m o le c u la r  
i o n .  A n o th e r  p ro m in e n t p e a k  i s  ( P - 6 6 ) .  The s p e c tru m  i n d i c a t e s  
t h a t  t h i s  io n  h a s  r e s u l t e d  from  th e  l o s s  o f  a  c y c lo p e n ta d ie n y l  
r i n g  p lu s  one h y d ro g en  atom  o f  th e  m e th y l g ro u p .
We w ould  e x p e c t  th e  i r o n - m e th y lc y c lo p e n ta d ie n e  io n  to  
l o s e  a  p r o to n  r e a d i l y ,  y i e l d i n g  C^HgFe* w h ich  w ould  be r e s o n a n c e  
s t a b i l i s e d .  W h eth er t h i s  h a s  th e  same s k e le t o n  a s  th e  o r i g i n a l  
m a t e r i a l :
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o r  w h e th e r  i t  r e - a r r a n g e s  t o  a  s ix -m em b ered  r i n g  i s  u n c e r t a i n .
I t  d ep en d s  on w h e th e r  o r  n o t  th e  n u c l e o p h i l i c  pow er o f  th e  r e s i d u a l  
d e l o c a l i s e d  f t  e l e c t r o n  sy s te m  i s  s u f f i c i e n t  to  r e t a i n  th e  i r o n  
atom  to  fo rm  an  io n  m /e =  13^* The io n s  a t  m /e =  121 , 79 and  36  
a r i s e  by th e  f i s s i o n  o f  s i n g l e  bonds b e tw een  th e  i r o n  and  c y c lo ­
p e n ta d ie n e  r i n g s .
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E le m e n ts  c o n t a in in g  s u lp h u r  com pounds h av e  b een  l i t t l e
s t u d i e d  ( 4 6 ,4 7 ) .  I n  s u l f a m id o f e r r o c e n e  th e  p a r e n t  m o le c u la r  io n  
i s  th e  b a se  p e a k .  T h ere  i s  a  te n d e n c y  f o r  f i s s i o n  o f  th e  s id e  
c h a in ,  th e  c h a rg e  r e s i d i n g  on e i t h e r  f r a g m e n t .  The p ro m in e n t 
p e a k  a t  m /e = 1 2 1  c o r r e s p o n d s  to  th e  f i s s i o n  o f  a  s i n g l e  m e t a l l i c  
bond to  th e  c y c lo p e n ta d ie n e  r i n g .  T h e re  i s  an  io n  a t  m /e = 1 2 8  
w h ich  may a r i s e  from  th e  b reakdow n o f  th e  m e t a l l i c  bond and  th e  
e l im i n a t i o n  o f  an  im in o  g ro u p  from  th e  s i d e  c h a in  by r e - a r r a n g e m e n ts  
to  fo rm  th e  f o l lo w in g  i o n :
io n  may l o s e  w a te r  to  fo rm  a  s t a b l e  s t r u c t u r e  (4 8 ) a s  f o l lo w s :
The m o le c u le  may b re a k  down by l o s s  o f  th e  s i d e  c h a in  
to  g iv e  a  f e r r o c e n e  r a d i c a l  o r  f e r r o c e n e  io n  w ith  a  s i n g l e  
h y d ro g en  s h i f t .
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I o n s  a t  m /e = 1 2 1  and  5 6 h av e  th e  same o r i g i n  a s  
r e p o r t e d  f o r  f e r r o c e n e .  In  oi - h y d r o x y e th y l f e r r o c e n e  th e  m o le c u la r
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The m o le c u la r  io n  o r  (P -1 8 )  io n  may e l i d e  c y c l o -  
p e n ta d ie n e  to  y i e l d  io n s  a t  m /e =  165 and  m /e =  147 r e s p e c t i v e l y .  
F i s s i o n  a t  th e  m e ta l l o - o r g a n ic  bond i s  q u i t e  p r o b a b le  to  y i e l d  
th e  fra g m e n t i o n s  a t  m /e =  1 2 1 , 11 0 , 65 and  5 6 .
The io n  a t  m /e = 1 38 , w h ich  i s  a  p ro m in e n t p e a k , may 
r e s u l t  from  a  r e - a r r a n g e m e n t  p r o c e s s .  T h e re  i s  a  d o u b ly  c h a rg e d  
io n  a t  m /e = 6 8  c o r r e s p o n d in g  to  th e  above  m e n tio n e d  i o n .
EXPERIMENTAL
T h ese  a n a ly s e s  w ere  c a r r i e d  o u t  by a  M e t r o p o l i t a n -  
V ic k e r s  MS2 m ass s p e c t r o m e te r  m o d if ie d  f o r  h ig h  m ass w o rk . O nly 
th e  s p e c tru m  o f  a n i s y l f e r r o c e n e  was o b ta in e d  from  th e  MS9 m ass 
s p e c t r o m e te r .  The sa m p le s  w ere p r o v id e d  by P r o f e s s o r  P . L. P auson  
o f  th e  R o y a l C o lle g e  o f  S c ie n c e  and  T ec h n o lo g y , G lasgow , to  whom 
we a r e  in d e b te d  f o r  h i s  i n t e r e s t  i n  t h i s  w ork .
DISCUSSION
The s t a b i l i t y  and  a ro m a tic  c h a r a c t e r  o f  f e r r o c e n e  com­
p o unds a r e  q u i t e  o b v io u s  from  th e  o b s e r v a t io n  o f  th e  c h a r a c t e r i s t i c s  
o f  t h e i r  c r a c k i n g - p a t t e r n s .  As w i th  a ro m a tic  com pounds, th e  
m o le c u la r  i o n  i n  t h i s  c l a s s  o f  m e ta l l o - o r g a n ic  com pounds was a l s o  
th e  b a s e  p e a k . I t  seem s th e  e l e c t r o n  w h ich  i s  l o s t  to  fo rm  th e
m o le c u la r  io n  comes from  th e  i r o n  a to m . The tim e  w h ich  e l a p s e s
—6b e tw ee n  i o n i z a t i o n  and  c o l l e c t i o n  o f  th e  io n  i s  a b o u t 1 .1 0  s e c .  
w h ich  i s  to o  s h o r t  to  a l lo w  th e  f e r r o c e n e  m o le c u le  to  decom pose. 
A n a ly s e s  o f  some a ro m a tic  com pounds p o s s e s s in g  an  a l k y l  s id e
c h a in  (4 9 )  h a s  shown a  f i s s i o n  a t  th e  b e n z y l ic  c a rb o n -c a rb o n  b o n d . 
T h is  e v id e n c e  h a s  b een  exam ined  i n  g r e a t  d e t a i l  by M eyerson  and  
h i s  c o l l a b o r a t o r s  ( 5 0 ,5 1 » 5 2 ,53)*  They hav e  s u g g e s te d  t h a t  th e  
d r i v i n g - f o r c e  f o r  su c h  b o n d - f i s s i o n  i s  th e  fo rm a t io n  o f  a  
t r o p y l iu m  i o n ,  w h ich  i s  m ore s t a b l e  from  th e  therm odynam ic s ta n d  
p o i n t .  I n  a l l  f e r r o c e n e  d e r i v a t i v e s ,  h o w ev er, t h e r e  i s  no 
e v id e n c e  o f  t h i s  k in d  o f  bond f i s s i o n .  O nly i n  m e th y lf e r r o c e n e  
th e  l o s s  o f  a  s i n g l e  h y d ro g en  atom  i n  a d d i t i o n  to  a  c y c lo p e n ta d ie n y l  
r i n g  from  th e  m o le c u la r  io n  may o c c u r  b e c a u se  th e  r e s u l t i n g  
q u in o n o id  s t r u c t u r e  i s  m ore s t a b l e  th a n  th e  m e th y lc y c lo p e n ta d ie n y l  
g ro u p .
mFerrocene
m /e m/e %
39 6 .4 95 9 .0
41 2 . 6 96 1 . 0
43 2 .3 103 1 .1
5 4 2 . 6 103 1 .3
33 2 .3 113 1 . 0
56 4 0 .9 119 3 . 8
57 3 .6 120 1 .3
63 1 . 0 121 4 0 .3
65 2 .3 122 3 .8
6? 1 . 0 127 1.1
69 1 .5 128 3 .4
70 1 . 0 129 3 .5
71 1 .3  ' 133 1 . 0
77 1 .3 134 1 .4
81 7 .9 182 1 . 0
82 1 .9 184 9 .3
83 1 .3 185 3 .0
92 1 . 0 186  p 1 0 0 .0
93 8 . 8 187 2 6 .3
9 3 .5 1 . 8 188 2 .9
94 6 . 6
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Phenyl ferro cen e
m/e % m /e %
55 2 .5 139 2 .7
56 1 6 .9 1 Vi 1 3 .4
57 2 .5 197 7 .6
81 3 .6 260 2 . 8
95 3 .6 261 6 . 2
115 1 0 .7 262  p 1 0 0 .0
121 1 5 . 2 263 3 0 .3
131 3 .6 264 5 .3
m -chloro phenyl ferro cen e
m/e % m /e %,
56 8 . 0 178 2 . 6
89 1 . 8 189 2 .5
91 2 . 0 190 1 .7
95 2 . 2 195 2 . 0
113 2 . 0 201 1 . 8
114 1 .5 202 1 2 . 2
115 2 . 8 203 11 .1
121 1 4 .5 204 6 . 0
138 1 .7 205 4 .0
139 3 0 .1 260 3 .1
140 1 0 . 8 261 3 .8
148 262 . 2 . 0
149 2 .9 294 1 2 . 0
175 4 .9 296 p 1 0 0 .0
176 2 . 2 298 4 4 .6
177 2 . 6
F -n itr o  phenyl ferro cen e
m /e % m /e % m /e %
55 1 .1 138 1 .3 195 2 . 2
56 19*9 139 1 8 . 3 200 0 .9
57 1 . 8 14-0 5 .5 201 1 .7
81 4 .2 14-1 1 .7 202 6 .3
82 0 . 9 144 1 . 0 203 1 0 .4
83 1 . 0 14-3 1 . 2 204 4 .6
89 1 .7 151 0 . 8 203 1 1 .7
94 2 . 2 1 3 2 1 . 6 206 3 .0
95 2 . 6 153 1 .4 207 0 . 8
102 . 1 . 2 1 5 3 .5 2 . 0 209 1 . 2
109 0 . 8 134 1 .4 210 0 . 8
113 1 .3 155 0 . 6 211 0 .9
114 1 .3 136 3 .8 212 0 .7
113 2 . 6 157 2 . 0 249 3 .2
119 2 . 0 138 1 . 2 230 1 .3
120 0 . 8 165 2 . 6 239 7 .2
121 2 0 .3 166 0 . 9 260 1 3 . 6
122 2 . 0 170 1 . 6 261 5 6 . 8
126 0 . 8 171 1 .1 262 1 9 .4
127 1 .7 176 1 .5 274 1 .7
128 3 .1 177 1 .4 277 1 7 . 2
129 0 . 8 178 3 .3 278 5 .8
130 0 . 7 179 2 .4 291 2 .3
131 1 .1 183 1 .4 292 0 . 8
132 0 . 9 189 3 .5 303 8 . 8
133 1 .1 190 2 .4 307 P 1 0 0 .0
137 0 . 6 191 1 .4 308 3 2 . 9
52
A n isy l ferro cen e
m/e m/e °/o m/e %
50 0 .4 81 1 .8 123 0 .2
51 0 .6 82 0 .3 123 0 .8
52 0 .3 83 0.1 126 1 .7
53 0 .2 84 0 .3 127 2 .2
54 0 .9 87 0.2: 128 4 .5
5k. 1 0.1 88 0.1 129 0 .7
55 0 . 4 89 0 .8 130 0 .2
56 10.4 90 0.1 131 0 .5
36 .2 0 .5 91 0 .4 132: 0 .5
57 0 .7 92 0.1 133 0 .3
57.1 0 .3 93 0 . 4 134 0 . 2
58 0 .3 94 1 .2 138 0 .2
62 0 .2 95 1 .6 139 1.7
63 0 .8 101 0 .3 140 0 .5
63.9 0 .2 102 1.9 141 0 .6
6k 0 .2 103 0 .4 142 0 .2
65 0 .6 105 0 .3 144 0 .2
66 0 . 4 106 0 .3 143 0 .9
67 0 .2 106.9 0 .3 145.5 0 .2
68 0.1 107 0 .3 146 5 .4
69 0 .3 113 0 .3 146.5 1 .3
70 0.1 114 0 .2 147 0 .2
71 0 .1 113 1.2 151 0 .2
74 0 .3 116 0 .2 152 0 .5
75 0 .5 118 0 .3 153 0 .3
76 0 .3 119 2.0 154 0.1
77 0 .9 120 0 .4 155 0 .4
78 0 .6 121 24.3 156 1 .2
79 0 .2 122 2 .2 157 1 .2
55
A n is y l  f e r r o c e n e  ( c o n t in u e d )
m /e % m /e % m /e %
158 2 . 0 194 0 .1 250 1 . 2
159 0 . 2 195 0 . 2 251 0 . 2
163 0 . 2 196 0 .1 260 0 .5
164 0 . 2 197 0 . 2 261 0 .3
163 0 .9 202 0 . 6 262 0 .5
166 0 .4 203 0 . 6 263 1 . 0
167 0 . 2 204 0 .3 264 0 .4
168 0 .1 205 0 .3 273 1 .4
169 0 . 2 209 0 . 2 276 0 .4
170 0 .3 210 0 . 2 277 1 3 .3
171 3 .2 211 0 . 6 278 3 .6
172 0 . 6 212 0 .9 279 0 .3
176 0 . 2 213 0 . 2 290 6 . 8
177 0 . 2 219 0 . 2 291 1 .9
178 0 .4 221 0 . 2 292 p 1 0 0 .0
179 0 . 2 223 0 . 2 293 1 9 .8
181 0 . 1 224 0 . 2 294 3 .1
182 0 .3 223 0 . 2 293 0 .3
183 0 .3 227 0 . 2
184 0 .3 233 0 . 2
185 0 . 2 234 0 .1
186 0 . 2 233 0 .1
189 0 . 8 245 0 . 1
190 0 .5 246 0 .1
191 0 .9 247 0 . 7
192 0 .3 248 1 . 0
193 0 . 2 249 3 . 0
Cyano f e r r o c e n e
m /e % m /e %
56 5 4 .2 1 1 5 .5 2 . 0
57 4 .3 120 2 . 0
63 4 .0 121 7 4 .6
64 3 .3 122 7 .5
65 3 . ° 128 3 .0
69 2 .5 146 2 .5
81 5 .8 184 4 .5
82 2 .5 209 6 . 8
90 6 . 0 210 3 .8
91 2 .5 211 p 1 0 0 .0
93 2 .5 212 2 2 .9
94 5 .3 213 3 .0




m /e % m /e % m /e %
55 1 .4 133 2 .5 213 8 . 6
56 11 .1 134 1 . 8 214 2 .9
57 0 .9 135 5 .2 215 1 . 8
59 1 .1 145 2 .9 217 1 3 .9
65 0 .9 149 1 . 8 218 3 .2
67 1 . 8 159 2 .9 219 .0 .9
78 2 .5 161 2 .7 228 4 .1
87 1 .4 163 1 . 8 229 1 .3
92 1 . 8 171 0 .7 231 2 .5
93 0 .9 173 0 .7 240 3 .2
94 1 .1 175 1 .1 241 1 .3
98 1 .3 183  ' 1.1 249 4 .3
1 0 6 .5 3 .9 184 2 . 0 250 1 .1
107 1 .5 185 9 .3 281 1 .1
121 2 2 .3 186 1 0 .7 282 2 .1
122 4 .6 187 3 .2 283 1 2 .5
125 1 .4 189 1 0 . 2 284 3 .9
125 1 . 8 190 2 .1 285 0 .9
127 1 . 8 199 5 .7 312 8 . 6
128 3 .9 200 1 .1 314 p 1 0 0 .0
129 9 .5 211 0 .9 315 6 4 .9
130 1 . 6 212 1 .1
/
F errocene g lu t a r a te
m/e % m/e % m /e %
55 1 5 . 0 134 8 . 0 198 3 .0
56 3 6 . 0 135 8 .1 199 9 .6
57 2 8 .3 137 3 .1 200 4 .5
63 2 . 0 138 8 .1 201 2 . 8
65 2 8 . 0 139 5 .0 211 4 .5
66 2 8 .3 142 2 . 0 212 9 .3
67 1 0 . 6 145 4 .5 213 4 1 .4
69 5 .6 149 3 .5 214 1 1 .9
71 6 . 6 151 2 . 0 215 6 .1
73 3 .5 152 4 .0 217 2 3 . 2
81 5 .6 153 2 . 0 218 5 .1
83 5 .7 155 4 .7 219 2 .3
85 2 . 0 156 11.1 229 2 9 .3
91 1 5 .0 157 1 5 .6 230 7 .4
95 4 .5 159 5 .0 240 1 6 .7
97 3 .0 163 2 .3 241 6 . 6
105 8 .5 165 7 .1 252 3 .0
106 1 2 .5 166 3 .6 254 1 5 . 2
107 5 .2 167 4 .0 256 3 0 . 8
111 2 . 0 168 3 .8 257 9 .0
112 1 3 .1 169 4 .5 258 2 . 0
115 2 . 0 181 4 .3 269 4 .3
120 5 .0 182 5 .1 270 2 . 0
121 4 2 .9 183 2 8 .5 276 12 .1
122 3 .0 184 8 3 .3 283 7 .1
125 2 . 0 185 6 0 . 0 284 3 .3
128 8 .1 186 4 3 .3 285 3 .8
129 2 4 .7 187 1 0 . 6 298 8 . 6
130 2 . 0 188 3 .5 300 p 1 0 0 .0
131 2 . 0 189 1 3 . 6
133 7 .8 190 3 .3
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M ethyl ferro cen e
m/e % m /e %
55 4 .4 119 2 .5
56 62 .1 120 1 . 2
57 9 .8 121 2 1 .7
77 3 .4 122 5 -9
78 2 . 0 132 3 .4
79 4 .4 133 1 .5
81 6 .4 134 4 1 .4
82 2 . 2 135 6 .4
83 2 .5 139 2 . 2
91 2 . 0 141 2 .9
93 1 .7 156 2 . 2
94 3 .9 157 2 .9
95 5 .7 198 8 .7
100 2 .7 199 1 5 .0
112 3 .2 200  p 1 0 0 . 0
115 2 .5 201 2 2 . 2
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S u lfam id oferrocen e
m/e % m/e %
56  1 0 .5  128  8 .3
68 3 .0  129 6 .3
72 6 . 3  137 2 4 .9
80  9 .5  184 6 . 5
81 3 .5  185 6 . 3
83  4 .1  263  8 .3
94  3 . 2  263  p  1 0 0 .0
119  1 .3  266  2 6 .7
121 1 8 .4  267 10 .1
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«-hydroxy e t h y l  f e r r o c e n e
i / e % m /e % m/e %
56 1 9 .5 91 1 4 .3 137 3 .7
57 1 7 .7 92 8 .7 138 8 1 . 8
59 3 . 9 93 5 .2 139 8 .5
60 5 .2 94 8 .5 145 8 .5
65 5 .5 95 1 3 .3 147 3 8 .4
66 3 .3 96 6 .3 148 5 .5
67 7 .4 97 9 .6 149 1 0 .3
68 3 .7 98 4 .4 163 4 .4
6 8 .5 1 . 8 99 3 .7 165 1 2 .5
69 1 3 .3 105 5 .5 185 1 1 . 8
70 5 .9 109 7 .4 186 11 .1
71 1 0 .7 110 4 .1 187 4 .1
73 1 2 . 2 111 6 . 3 212 2 9 .9
74 4 .4 119 6 .3 213 9 .6
77 4 .4 120 6 .3 214 4 .1
78 4 .4 121 28.1 228 25 .1
79 4 .4 122 5 .2 229 6 . 6
81 5 .2 123 5 .9 230 P 1 0 0 .0
82 7 .7 125 3 .7 231 2 2 . 2
83 9 .6 128 4 .4 232 3 .3
84 4 .4 129 7 .4
85 6 . 6 136 7 .0
&0
Ac e t  ami do f  e r  r  o c en e
m /e % m /e %
55 1 .9 135 2 .7
56 4 1 .6 136 3 .7
57 6 , 8 152 1 .7
59 1 . 8 158 1.1
65 1 . 8 160 2 . 0
69 1 .4 162 2 6 . 2
79 1 .4 163 4 .6
80 3 .3 168 0 . 8
81 5 .6 171 1 .1
82 3 .3 172 4 .8
83 2 . 2 173 1 . 8
93 1 .4 185 1 .7
94 3 .8 186 0 .9
95 8 . 0 193 0 . 8
96 1 . 2 195 1 2 .5
107 2 .3 196 2 . 6
108 2 .7 199 1 . 2
109 2 .1 200 3 .7
119 3 .5 201 3 .0
120 1 .9 202 6 .7
121 3 9 .3 203 2 . 6
122 1 1 .5 204 0 . 8
123 1 .5 226 7 .5
128 2 .5 228 1 0 0 .0
129 1 .5 229 3 0 .3
131 1 . 2 257 5 .5
132 1 .4 259 P 7 2 . 0
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CHAPTER FOUR 
The m ass s p e c t r a  o f  some lo n g i f o l e n e  d e r i v a t i v e s
The com pounds i n v e s t i g a t e d  w ere p r e p a r e d  by P r o f e s s o r
G. O u r is so n  (5 4 )  and  th e  m ain  o b j e c t i v e  was to  e s t a b l i s h  th e
e x i s t e n c e  o f  common s t r u c t u r a l  r e g u l a r i t i e s  su c h  a s  th e  in c id e n c e
o f  th e  i s o p r o p y l  g ro u p . The s t r u c t u r a l  fo rm u la e  a p p e a r in g  i n
F ig u r e  19 a r e  th o s e  s u g g e s te d  by P r o f e s s o r  O u r is so n  and  h i s
c o l l a b o r a t o r s .  An a n a l y s i s  o f  th e  s p e c t r a  o f  U ) - n i t r o lo n g i f o le n e
a n d ( J - b r o m o lo n g i f o le n e  show s th e  l o s s  o f  a  m e th y l g ro u p  o r  th e
C^Hr, r a d i c a l  from  th e  p a r e n t  m o le c u la r  i o n .  I t  h a s  been  shown t h a t
t h e r e  i s  a  te n d e n c y  f o r  f r a g m e n ta t io n  to  o c c u r  a t  h ig h ly  b ra n c h e d
p o s i t i o n s  i n  t h i s  c l a s s  o f  compound (5 5 * 5 6 * 5 7 * 5 8 ). The l o s s  o f  a
m e th y l g ro u p  i s  q u i t e  r e a s o n a b le  a s  t h e r e  a r e  t h r e e  m e th y l g ro u p s
a t t a c h e d  to  a  q u a t e r n a r y  c e n t r e  a t  c a rb o n  ( 4 ) .  The io n  a t  (P-C^H ^)
5 (
may a r i s e  by f i s s i o n  o f  th e  ( 8 , 7  and  1 , 8 ) c a rb o n -c a rb o n  bonds o r  th e  
( 1 , 8  and  5 * 4 ) bonds w ith  a  h y d ro g en  r e - a r r a n g e m e n t .
v
A c r a c k in g  p a t t e r n  c h a r a c t e r i s t i c  o f  n i t r o  com pounds (2 4 ,2 5 )  was 
a l s o  o b s e rv e d  w ith tj) - n i t r o l o n g i f o l e n e . R em ark ab ly , th e  (P-OH) io n  
was 66% o f  th e  b a s e  p e a k . T h is  io n  h a s  o n ly  p r e v io u s l y  been  r e p o r t e d  
f o r  n i t r o  com pounds i n  th e  c a s e  o f  o - n i t r a n a l i n e  (5 9 ) •  The b rom ine  
atom  was e l im i n a te d  v e ry  e a s i l y  f ro m (J -b ro m o lo n g ifo le n e  a n d ,
t h e r e f o r e ,  v e ry  l i t t l e  in f o r m a t io n  on th e  m anner o f  f r a g m e n ta t io n  
i n  th e  p a r e n t  m o le c u le  was p ro v id e d  by th e  c h a r a c t e r i s t i c  s p e c tru m  
o f  b ro m in e  c o n t a in in g  com pounds. The io n s  a ro u n d  m /e & 105 -1 0 9  and  
m /e =- 9 1-95  w h ich  w ere  p ro m in e n t p e a k s  i n  th e  s p e c t r a  a r o s e  s o l e l y  
from  h y d ro c a rb o n  f r a g m e n ts .  The c o n g e s te d  s t r u c t u r e  o f  th e  m o le c u le s  
and  th e  i n t e r a c t i o n  e f f e c t s  o f  th e  r i n g s  make a  d e t a i l e d  i n t e r ­
p r e t a t i o n  r a t h e r  d i f f i c u l t .
In  th e  s p e c t r a  o f  l o n g i f o l i c  and  i s o l o n g i f o l i c  a c i d s ,  t h e r e
i s  some e v id e n c e  f o r  th e  i o n s  (P-CH_) and  (P-C^-H-) w h ich  show s t h a t
5 5 (
m e th y l and  i s o p r o p y l  g ro u p s  p r o b a b ly  e x i s t e d  i n  th e  p a r e n t  m o le c u le s .  
The sp e c tru m  o f  l o n g i f o l i c  a c id  o b ta in e d  w ith  a  d o u b le - f o c u s in g  
m ach in e  (MS9) show s m e ta s ta b l e  io n s  c o r r e s p o n d in g  to  th e  f o l lo w in g  
t r a n s i t i o n s .
P+------------- (P -  15)+ + CH a /e  =. 206.9
[C P -S J  -  18] + + H20 m /e = 186 .^ 6
P+ ------------- (P -  18 )+ + H20 m /e =  2 0 1 .3 7
The e x i s t e n c e  o f  th e  c a r b o x y l  g ro u p  (6 0 ) i n  th e  s p e c t r a  and i t s
c r a c k in g  p a t t e r n  i s  a l s o  e v i d e n t .  The m ost a b u n d a n t io n  i n  th e  
s p e c t r a  g iv e n  by l o n g i f o l i c  and  i s o l o n g i f o l i c  a c i d s  a n d U -b ro m o lo n g i-  
f o le n e  i s  a t  m /e 109• A t y p i c a l  f r a g m e n ta t io n  may, t h e r e f o r e ,  be 
w r i t t e n .
H O - C  \
+ R esidue .
The o th e r  i o n s  a ro u n d  m /e ~  9 5 1 81 and  6? p ro b a b ly  a r i s e  from  th e  
f u r t h e r  f i s s i o n  o f  th e  c a rb o n -c a rb o n  b onds (Cg ^ and  Cg w h ile
,66
b r e a k in g  o f  th e  Cg bond y i e l d s  th e  m /e =  109 i o n .  T h e re  i s  an  
io n  a t  m /e =  44- i n  th e  sp e c tru m  o f  l o n g i f o l i c  a c id  w h ich  was n o t  
o b s e rv e d  i n  i s o l o n g i f o l i c  a c i d .  T h is  io n  c o r r e s p o n d s  to  c a rb o n  
d io x id e  w h ich  i s  one o f  th e  c h a r a c t e r i s t i c  f e a t u r e s  o f  th e  c r a c k in g  
p a t t e r n s  o f  a c id  a n h y d r id e s  ( 6 1 ) .  In  d i l o n g ib o r n y l  th e  m ost
a b u n d a n t p e a k  i s  ? / 2 , w h ich  i n d i c a t e s  t h a t  th e  m o le c u le  r u p t u r e s
v e r y  e a s i l y  a t  th e  Cg ^  c a rb o n -c a rb o n  bo n d . The l o s s  o f  m e th y l and  
C^H^ g ro u p s  from  th e  p a r e n t  m o le c u la r  io n  i s  a l s o  p r o b a b le ,  a s  i t  
p o s s e s s e s  f o u r  m e th y l g ro u p s  a t t a c h e d  to  q u a te r n a r y  c e n t r e s  and  two 
g e m -d im e th y l g ro u p s .
In  l o n g i b o r n y lc h l o r i d e  and  d i l o n g ib o r n y l  th e  io n  a t  
m /e =  95  i s  m ore a b u n d a n t th a n  th e  io n  a t  m /e =  1 0 6 .
We may i n t e r p r e t  t h i s  to  mean t h a t  f i s s i o n  o c c u r s  i n  th e
f o l lo w in g  w ay: th e  s u b s t i t u e n t s  on c a rb o n  ( 6 ) i n  th e s e  two com pounds 
e l i d e  v e ry  e a s i l y  so  th e  bo n d s a t t a c h e d  to  t h i s  c a rb o n  atom  a r e  
w eakened  and  f r a g m e n ta t io n  r e s u l t s  a s  f o l lo w s :
The e a s y  e l i m i n a t i o n  o f  th e  c h l o r i n e  atom  from  th e  c h l o r i n a t e d
m o le c u le  a g a in  m eans t h a t  th e  t r a c e  i s o to p e  i n  th e  s p e c t r im  i s  o f  
l i t t l e  a s s i s t a n c e  i n  i n t e r p r e t i n g  th e  p a r e n t  s t r u c t u r e .
Io n s  a t  m /e =  225» 205 and  189 r e s p e c t i v e l y  i n d i c a t e  
th e  l o s s  o f  m e th y l ,  c h l o r i n e  and  m e th y l p lu s  c h l o r i n e  f ra g m e n ts  from  
th e  m o le c u la r  i o n .
DISCUSSION
The s a l i e n t  f e a t u r e s  o f  th e  s p e c t r a  o f  i s o l o n g i f o l i c ,  
l o n g i f o l i c  a c i d s  and lo n g ib o r n y l  c h l o r i d e  w ere th e  p ro m in e n t (P -1 3 )  
io n  i n  a l l  o f  them  and  th e  (P-C^H ^) io n  i n  i s o l o n g i f o l i c  and  
l o n g i f o l i c  a c id  w h ich  was m ore th a n  23% o f  th e  m ost a b u n d a n t i o n .
T h e re  i s  a l s o  e v id e n c e  o f  th e s e  io n s  i n  th e  s p e c t r a  g iv e n  
by  - n i t r o l o n g i f o l e n e  and (J - b r o m o lo n g if o le n e ,  b u t  th e y  a r e  n o t  
n e a r l y  so  a b u n d a n t .  S in c e  we a r e  d e a l in g  w i th  a l i c y c l i c  h y d ro c a rb o n  
com pounds we can  assum e t h a t  th e  s t a b i l i t y  i s  d e c id e d  c h i e f l y  by 
s te r e o c h e m ic a l  and  c o m fo rm a tio n a l f a c t o r s  ( 6 2 , 6 3 ) .  T h e r e f o re ,  we 
s h o u ld  n o t  i n f e r  t h a t  th e s e  f ra g m e n ts  a r e  o f  l e s s  im p o r ta n c e  i n  th e  
r e l a t e d  p a r e n t  com pounds, ev en  i f  th e y  a p p e a r  l e s s  p ro m in e n t i n  th e  
s p e c t r a .
I n  th e  c a rb o n  (1*f) a c id  t h e r e  i s  a  c a rb o x y l  g ro u p  a t t a c h e d
to  c a rb o n  ( 1 2 ) .  The p a r e n t  io n  ab u n d an ce  i s  n o t  m ore th a n  7% o f  th e
m ost a b u n d a n t io n  w hich  i s  a t  m /e =  95* The m o le c u la r  io n  l o s e s
H^O, HCO and  CO^H g ro u p s  to  fo rm  a  s t a b l e  i o n .  The l o s s  o f  m e th y l
and  g ro u p s  may i n d i c a t e  th e  p r e s e n c e  o f  m e th y l and  i s o p r o p y l
g ro u p s  a t t a c h e d  to  a  r i n g .  H ere a l s o  th e  (P-C^Hr,) io n  may a r i s e
(
fro m  th e  s u c c e s s iv e  bond f i s s i o n  o f  C0 „ and  C , to  a c c o u n t f o r  th e
<  1 *
p e a k  a t  m /e = 1 8 1 .
I n  ol - l o n g i f o r i c  and  y# - l o n g i f o r i c  a c id  t h e r e  a r e  no io n s  
c o r r e s p o n d in g  to  th e  p a r e n t  m o le c u le s  a s  i t  h a s  been  shown t h a t  
com pounds w h ich  c o n ta in  two c a rb o x y l  g ro u p s  a r e  th e r m a l ly  u n s ta b l e  
and  u s u a l l y  decom pose b e f o r e  g iv in g  a  v ap o u r p r e s s u r e  s u f f i c i e n t  f o r
a  sp e c tru m  to  be p ro d u c e d  ( 6^ , 6 3 ) .  S uch  com pounds m u st be c o n v e r te d  
i n t o  t h e i r  m e th y l o r  e t h y l  e s t e r s  f o r  s u c c e s s f u l  e x a m in a t io n  e i t h e r  
by  m ass s p e c t r o m e tr y  o r  v a p o u r -p h a s e  c h ro m a to g ra p h y .
The s p e c t r a  o f  ^ - l o n g i f o r i c  and  ^ - l o n g i f o r i c  a c i d s  show 
t h a t  th e  c i s  compound i s  l e s s  s t a b l e  th a n  th e  t r a n s  is o m e r .  M oh ler 
and  h i s  c o -w o rk e rs  have a l s o  s tu d i e d  some com pounds e x h i b i t i n g  c i s  
an d  t r a n s  is o m e rism  (6 6 ) and th e  r e s u l t s  c o n s id e r e d  t o g e th e r  w i th  
th o s e  from  o th e r  k in d s  o f  i s o m e r ic  com pounds show t h a t  th e  l e s s  
crow ded  m o le c u le  u s u a l l y  h a s  g r e a t e r  s t a b i l i t y  u n d e r  e l e c t r o n  
im p a c t (6 6 , 6 7 , 6 3 ) .
From o u r  s p e c t r a  we can  o n ly  i n f e r  t h a t  compound G .0 .4 .  
i s  a  much m ore crow ded  m o le c u le  th a n  G .0 .3*  and  t h a t  w h a te v e r  th e  
d i s p o s i t i o n  o f  th e  h y d ro g en  a tom s on and  C^, th e  c a rb o x y l  g ro u p  
on C^ i n t e r f e r e s  w ith  a  m e th y l g roup  on 0^ i n  compound G .0 .4 .
EXPERIMENTAL
The s p e c t r a  o f  l o n g i f o l i c  a c i d ,  o i - l o n g i f o r i c  and 
^ - l o n g i f o r i c  a c id  w ere  o b ta in e d  w ith  an  A .E . I .  ty p e  MS9 d o u b le -  
f o c u s in g  m ass s p e c t r o m e te r .  An a c c e l e r a t i n g  v o l t a g e  o f  8kV and  an  
e l e c t r o n  e n e rg y  o f  70eV w ere  u s e d .
The o th e r  com pounds w ere exam ined  w ith  a  M e tr o p o l i ta n -  
V ic k e r s  MS2 in s t r u m e n t .
G.O.
ft/e % m/e % m /e % m /e %
36 6 .4 70 0 .4 113 0 .1 167 0 .1
37 2 1 .6 71 0 .3 117 0 .1 175 0 .1
38 26.-3 73 0 .1 119 0 . 3 176 0 .1
39 5 0 . 0 74 0 . 1 120 0 . 3 177 0 .2
4o 1 3 .9 . 77 0 .4 121 0 .4 179 1 .6
41 1 6 . 5 78 0 . 2 122 0 . 2 180 0 .4
42 1 0 0 . 0 79 0 .5 123 0 .4 181 0 .1
43 80 0 .3 124 0 . 2 189 0 . 2
44 3 4 .6 81 1 . 0 123 0 . 2 191 0 . 1
43 4 .1 82 0 .4 128 0 .1 193 0 .1
46 0 . 2 83 0 .3 129 0 .1 194 0 . 8
48 0 . 1 84 0 . 2 131 0 . 2 195 0 . 2
30 0 . 2 83 0 . 2 132 0 .1 198 0 . 2 -
51 0 .3 91 0 . 7 133 0 . 2 199 0 .3
32 1 .9 92 0 . 2 135 0 . 2 200 0 .4
53 6 .9 93 0 .4 136 0 .3 201 0 .3
54 0 .7 94 0 .3 137 0 .4 202 0 .5
55 6 .7 95 0 . 8 138 0 .1 203 0 . 2
56 0 .7 96 0 .3 145 0 .1 204 0 . 2
57 97 0 .3 147 0 .1 207 0 .1
58 98 0 . 2 149 0 . 2 249 0 .1
59 1 8 .5 99 0 . 1 131 0 . 2 26  2 0 . 1
60 1 . 6 101 0 . 1 132 0 .1
63 0 . 1 103 0 .4 154 0 . 1
64 0 .3 106 0 .1 157 0 .1
65 0 .3 107 0 .7 159 0 .1
66 0 . 2 108 0 .3 161 0 . 2
67 0 . 8 109 0 . 6 163 0 . 1
68 0 .3 110 0 .3 163 0 . 2
69 1 . 0 111 0 .3 166 0 .1
G . 0 . 1 .
f p
ZtJ -b ro m o lo n g if  o le n e  C^^E^Br M.W. 282
a/e % m/e % m /e % m /e %
29 5 .5 97 7 .1 143 1 .3 193 4 .2
39 3 .5 98 1 .1 144 2 . 2 194 2 3 . 0
4-0 0 .9 103 4 .2 145 1 1 .3 195 6 .4
41 3 3 .2 104 1 0 .4 146 8 .4 196 1 .5
42 2 .4 105 6 7 .3 147 36 .1 197 2 . 0
43 1 5 .9 106 1 9 .5 148 7 .3 198 3 .1
53 7 .1 107 4 6 .6 149 2 .4 199 3 .8
54 1 . 8 108 1 7 .9 150 1 .3 200 4 .0
55 4 8 .2 109 1 0 0 . 0 157 1 . 8 201 7 .7
56 5 .5 110 1 4 .2 158 2 . 2 202 1 1 .9
57 9 .3 111 3 .5 159 1 1 .5 203 8 7 . 6
65 5 .8 112 1 .1 160 7 .7 204 22 .1
66 3 .5 113 1 .1 161 1 9 .7 205 3 .3
67 3 4 .5 115 4 .2 162 4 .9 . 211 2 .9
68 4 .4 116 4 .0 163 2 .7 2 1 2 3 .3
69 1 2 .4 117 1 5 .7 164 3 .5 213 4 .4
70 4 .2 118 1 1 .3 165 1 5 .5 214 3 .2
71 4 .6 119 4 2 .3 166 5 .1 215 1 . 8
77 1 4 .8 120 1 2 .8 167 0 .9 225 1 .3
78 6 . 0 121 4 0 .6 169 1 .3 226 0 .7
79 3 1 .9 122 7 .5 170 1 .5 227 1 .3
8o 9 .3 123 1 1 .9 171 4 .4 228 0 .4
81 4 1 .2 124 2 . 2 172 8 . 0 239 3 .8
82 2 2 . 8 128 1 . 8 173 9 .7 240 1 .3
83 1 4 .4 129 2 . 2 174 8 . 6 241 3 .8
84 1 .3 130 3 .5 175 1 0 .4 242 1 .1
85 0 .7 131 1 5 . 0 176 2 . 2 243 0.-4
89 1 .1 132 1 2 .4 183 2 .4 267 2 .9
90 6 . 6 133 3 4 .1 184 2 . 0 268 1.1
91 5 0 . 0 134 1 2 . 6 185 5 .8 269 2 .7
92 1 5 .9 135 1 3 .3 186 5 .0 270 0 .7
93 5 7 .8 136 3 .5 187 1 4 .2 282  p 1 1 .9
94 13 .1 137 2 . 2 188 6 . 0 283 4 .4
95 5 9 .5 139 0 .9 189 3 .5 284 11.1
96 8 . 8 142 0 .9 192 2 . 2 285 3 .1
7A
C^I{ a c id
G .0 .2 .  C14H2 4 °2  M*W* Z2h
a/e % m/e % m/e % m /e %
55 1 7 .8 95 1 0 0 .0 132 0 . 6 167 3 . 6
56 1 3 . 6 96 1 6 .9 133 2 .9 168 9 .1
57 1 .9 97 6 . 8 134 2 .3 169 3 .9
60 1 .9 98 0 . 6 135 1 6 . 6 173 1 .9
65 0 . 6 99 1 . 0 136 10.1 175 1 .9
66 2 . 6 105 4 .2 137 2 8 .9 177 1 .9
67 2 8 .9 106 2 .3 138 5 .5 178 7 .1
68 5 .8 107 3 8 . 0 139 1 4 .3 179 10 .1
69 4 0 .3 108 1 8 . 8 140 46.1 180 3 .9
70 7 .8 109 6 4 .3 142 8 .4 181 1 4 .9
71 6 . 8 110 1 2 . 0 143 2 .9 182 4 . 2
73 9 .1 111 1 9 .5 145 2 .9 191 7 .5
77 2 .3 112 6 . 8 149 2 . 6 194 3 . 2
78 0 . 6 113 5 . 2 150 2 . 6 195 2 . 6
79 1 2 .7 114 7 .1 151 2 .3 203 5 .8
8o 3 .2 115 1 . 0 152 1 1 .7 204 1 .9
81 2 6 .3 117 0 .3 153 1 4 .6 206 4 .9
82 3 3 .8 119 2 . 6 154 1 3 .3 207 1 . 6
83 1 4 .9 120 2 . 6 155 9 .1 208 1 . 6
84 2 .9 121 2 9 .9 156 2 . 6 209 1 0 .7
85 0 .3 122 1 5 . 6 159 1 .3 210 2 . 6
86 2 .3 123 2 6 . 6 161 3 . 2 219 0 . 6
87 1 .3 124 4 .5 162 3 .9 224  p 7 .1
91 5 .2 125 5 . 2 163 3 4 .4 225 2 . 6
92 2 .3 126 1 .9 164 7 .8
93 2 9 . 2 127 1 .9 165 3 . 2  .
94 1 6 . 2 131 1 . 0 166 1 .3
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^ - l o n g i f o r i c  a c i d
G.0.3. C15H24°4 M *W * 268
m/e % m /e % m /e %
56 0 . 1 71 1 . 6 107 1 8 .7
58 0 . 6 72 0 .3 108 1 0 .3
59 1 0 .7 75 0 .7 109 1 6 .4
40 2 1 . 8 74 0 .4 110 5 .4
41 2 7 .4 75 0 . 2 111 1 .9
42 5 .0 77 0 .7 112 0 .5
43 8 .7 78 1 . 8 113 0 .3
44 1 0 0 .0 79 1 2 . 0 115 0 . 8
45 2 .5 80 5 .1 116 0 . 3
46 1 . 0 81 1 6 . 2 117 1 . 0
48 0 .5 82 1 3 .4 118 1 . 0
50 0 .7 83 4 .9 119 4 .1
51 2 . 0 84 1 . 0 120 2 .7
52 1 .1 . 85 0 . 8 121 7 .4
55 6 .9 86 0 . 2 122 5 .1
5 4 2.1 87 1.1 123 5 .0
55 1 9 . 0 89 0 . 3 124 1 .5
56 2 . 8 91 8 .4 125 0 .5
57 2 .7 92 2 .3 126 0 . 2
58 0 .9 93 1 5 .2 127 0 . 2
59 0 . 8 94 9 .5 128 0 .5
60 0 .7 95 1 1 . 6 129 0 .5
63 0 . 8 96 4 .4 130 0 . 2
64 1 .5 97 2 .3 131 2 .3
65 5 .9 98 0 .7 132 1 .7
66 5 .5 99 0 .3 155 4 .1
67 20 .1 103 0 .7 134 2 .5
68 5 .7 104 0 .5 155 9 .1
69 1 1 . 6 105 5 .7 136 2 .5
70 5 .9  ’ 106 5 .4 137 3 .5
j3 - l o n g i f o r i c  a c id  ( c o n t in u e d )
G .0 .3 .  C13H24 °4
m/e % m /e % m /e %
138 2 .1 163 0 .5 203 0 .3
139 2 . 8 166 0 . 8 206 3 .7
140 1 .3 16? 0 . 2 207 1 . 6
141 0 .3 168 0 . 5 208 0 . 2
142 0 . 2 173 0 . 3 219 0 . 2
143 0 . 2 1?4 1 . 0 220 0 . 2
144 0 . 2 173 3 .7 221 0 . 2
143 1 1 . 0 176 1 . 0 222 0 .3
146 2 . 0 177 1 . 2 223 0 . 2
147 8 .4 178 1 .3 230 0 .4
148 2 . 0 179 2 .1 234 0 . 2
149 2 .3 180 0 .3 233 0 . 2
130 1 . 8 181 0 . 2 236 0 . 2
131 1 . 0 188 1 .3 262 0 .3
152 0 .3 189 1 . 0 263 0 . 1
133 0 .5 190 0 .3
134 0 . 2 191 3 .8
135 0 . 2 192 0 .7
136 0 .4 193 0 . 2
137 0 .3 194 0 . 2
159 1 . 6 193 0 . 2
160 1 .1 196 0 . 2
161 2 . 8 201 0 . 2
162 0 . 8 202 0 . 2
163 6 . 6 203 0 .3
164 1 .3 204 0 .4
nG .0 .4 . C15 h2^  M.'
m/e % m/e % m/e %
36 5 - 5 71 1 . 6 115 0 . 2
37 2 2 . 2 72 0 . 2 117 0 . 3
36 2 7 .4 73 0 .5 119 0 . 7
39 5 0 . 6 77 0 . 9 120 0 . 8
40 11.9 78 0 . 5 121 0 . 8
41 18 .1 79 1.1 122 0 . 5
42 1 0 0 . 0 80 0 . 5 123 0 . 7
43 81 2.1 124 0 . 5
44 3 8 .3 82 1 .4 125 0 . 3
45 3 -5 83 1 . 4 126 0 . 2
46 0 . 3 84 0 . 7 128 0 . 2
30 0 . 5 85 0 . 9 129 0 . 3
51 0 . 3 86 0 . 2 131 0 . 3
52 1 .5 91 1 . 4 132 0 . 2
53 5 . 5 92 0 . 5 133 0 . 6
5 4 0 . 7 93 1.1 134 0 . 3
55 5 . 9 94 0 . 7 135 0 . 6
56 1 . 8 95 2 .1 136 0 . 5
57 1 6 . 8 96 0 . 8 137 0 . 7
58 97 1 . 0 138 0 . 5
59 1 9 .9 98 0 . 5 139 0 . 2
60 1 . 6 105 0 . 9 140 0 . 2
63 0 . 2 106 0 . 5 141 0 . 2
64 0 . 5 107 2 . 5 143 0 . 3
65 0 . 7 108 0 . 8 145 0 . 3
66 0 . 5 109 2 .1 147 0 . 5
67 1 . 8 110 0 . 7 148 0 . 3
68 0 . 7 111 0 . 7 149 0 , 5
69 2 .5 112 0 . 2 150 0 . 2
70 1 .1 113 0 . 2 151 0 . 6
W. 268
$5
O ^ - l o n g i f o r i c  a c i d  ( c o n t i n u e d )
G.OA.  M.W. 268
m/e % m /e %
152 0 . 3  192 0 . 2
153 0 . 2  193 0 . 3
139  0 . 2  201 0 . 2
161 0 . 3  202  0 . 3
163  0 . 3  203  0 . 8
165 0 . 3  2 0 0 . 3
166  0 . 5  203  0 . 2
167  0 . 2  218  0 . 3
168  0 . 2  219  0 . 2
173 0 . 2  221 0 . 9
175 0 . 5  222  0 . 2
176 0 . 5  236 0 . 5
177 0 . 5  262  0 . 7
179 0 . 2  263 0 . 2
180  0 . 3
181 0 . 2
187  0 . 2
189  0 . 5
190 0 . 3
191 0 . 3
I s o lo n g i f o l i c  a c id
G .0 .3 . C15H2Zf02 M.W. 236
a/e % m/e % m/e %
39 1 0 .7 86 4 . 6 117 4 ,1
4o 1*8 87 2 .5 118 2 . 0
41 5 3 .0 89 1 . 8 119 1 0 . 2
h2 3 . 3 8 9 .5 1 .5 120 7 .1
43 2 2 .3 91 3 3 .0 121 20 .1
45 1 . 0 92 6 . 6 122 8 .1
51 2 .5 93 3 6 . 8 123 1 6 . 2
33 1 4 .7 94 1 6 . 2 124 2 2 . 6
54 2 . 0 95 6 4 .7 125 1 2 . 2
55 3 8 .3 96 1 0 .7 126 6 . 6
56 6 . 9 97 4 .1 127 1 . 8
57 1 . 8 99 2 . 8 128 0 . 3
65 7 . 9 100 4 . 3 129 1 . 0
66 9 . 9 103 4 .1 131 2 . 8
67 4 0 .9 104 2 .3 132 2 . 3
68 6 .3 103 2 0 . 8 133 1 2 .9
69 2 6 .9 106 8 .1 134 3 . 8
73 1 .3 107 3 3 .5 135 1 3 .5
75 0 . 3 108 1 8 . 8 136 1 3 . 2
77 2 6 .4 109 1 0 0 .0 137 3 4 .0
78 8 .1 110 2 3 . 6 138 2 3 .4
79 ^0 . 1 111 9 -9 139 9 .1
80 1 1 . 2 112 3 . 0 140 2 . 8
81 4 6 .4 113 5 . 6 141 0 . 5
82 3 0 .7 114 1 .5 145 1 .3
83 8 . 6 113 3 . 3 147 9 . 4
85 1 .3 116 1 .5 148 2 . 3
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I s o lo n g i f o l i c  a c id  (co n tin u ed )
G .0.3. C15H2Jf°2' M,W> 236
m/e % m/e % m/e
149 9 .1 179 4 . 6
150 5 . 8 180 1 2 . 2
151 2 7 .9 181 2 .3
152 1 0 .7 189 2 . 0
133 7 . 6 190 2 .3
154 3 . 0 191 3 . 6
159 2 .3 192 1 .3
161 7 . 6 193 2 2 . 8
162 2 . 0 194 4 . 6
163 3 . 0 195 4 .1
164 2 .3 203 6 .1
165 1 4 .7 204 1 .3
166 1 0 .7 203 1 . 8
167 9 .1 206 2 . 8
168 1 0 . 2 207 6 .9
169 3 . 8 208 5 . 3
170 2 . 8 218 6 . 6
171 3 . 8 219 8 . 4
172 1 . 8 220 6 . 6
173 2 . 0 221 8 7 .4
174 2 . 0 222 2 1 . 3
175 1 5 . 0 223 4 .1
176 21.1 234 3 . 3
177 1 1 .7 233 2 .5
178 2 .5 236 p 2 9 .4
L o n g ifo lic  a c id
G .0 .6 . C15H24°2 M*W* 236
a/e % m/e % m/e %
36 5 . 2 71 7 .8 99 4 . 4
38 1 .9 72 1 .5 100 4 . 8
39 2 3 .9 73 3 - 7 101 1 .5
4o 6 .3 74 1.1 102 0 . 7
41 8 3 .9 73 0 . 7 103 3 . 7
42 1 0 . 0 76 0 . 7 104 2 . 2
43 3 4 . 8 77 2 3 .3 105 1 9 .3
bb 94 .1 78 7 . 4 106 7 . 4
43 5 . 2 79 3 4 .1 107 3 7 .0
b6 1 .1 80 1 0 .4 108 2 0 . 0
30 1 .3 81 5 7 .0 109 1 0 0 .0
31 5 . 9 82 4 8 .3 110 3 1 .1
5 2 3 . 3 83 2 0 . 0 111 1 0 . 0
33 2 0 .7 84 4 .1 112 2 . 2
5b 5 . 2 83 7 . 4 113 3 . 2
33 3 4 .8 86 3 . 2 114 1 .5
3 6 1 4 .8 87 3 . 7 115 3 . 7
57 1 7 .8 88 0 . 7 116 1 .5
58 5 . 2 89 1 . 5 117 3 . 7
59 2 . 2 8 9 .3 0 . 7 118; 1 .5
60 2 . 6 90 0 . 7 119 1 2 . 6
63 2 . 2 91 2 9 . 6 120 9 .3
6b 1 .5 92 6 .7 121 2 1 .3
65 11 .1 93 3 3 .0 122 8 . 9
66 1 1 .9 94 21 .1 123 1 7 . 8
67 4 6 .7 95 8 3 .3 124 1 9 . 6
68 11 .1 96 1 6 .3 123 1 2 . 6
69 4 9 .6 97 8 .5 126 8 .3
70 8 .1 98 3 .0 127 3 . 7
wL o n g ifo lic  a c id  (c o n tin u e d )
G .0 .6 . C15H24°2 M*W* 236
m/e % m/e % m/e %
128 2 . 2 139 2 . 2 193 2 3 . 0
129 2 . 2 160 1 .1 194 4 . 4
130 1 .1 161 7 . 4 195 4 .1
131 3 . 3 162 2 . 2 196 0 . 7
132 1 .5 163 3 . 7 201 0 . 7
135 11 .1 164 2 . 2 202 1 .1
134 5 . 2 163 1 4 .8 203 7 . 0
133 1 6 .7 166 1 1 .3 204 2 . 2
136 1 5 . 2 167 8 . 9 205 1 .1
137 3 8 .5 168 1 0 .4 206 0 . 7
138 2 9 .3 169 3 . 0 207 3 . 7
139 6 .7 170 1 .5 208 2 . 6
140 3 . 0 171 3 . 0 209 0 . 7
141 1 .9 172 0 . 7 217 0 . 7
143 1 .5 173 1 .5 218 7 . 0
145 2 . 6 174 0 . 7 219 3 . 0
146 1 .1 175 1 2 . 6 220 0 . 7
14? 1 0 . 0 176 1 4 .4 221 7 7 .0
148 3 . 3 177 1 1 .9 222 1 2 . 6
149 1 0 . 7 178 3 . 0 223 1 .5
130 3 . 7 179 5 . 2 224 0 . 7
151 2 5 . 9 180 1 2 . 6 234 2 . 6
152 8 .1 181 3 . 0 235 0 . 7
133 3 . 0 182 0 . 7 236  p 2 8 . 9
154 1 .5 185 0 . 7 237 5 . 2
153 0 . 7 189 3 . 0 238 0 . 7
156 1 .1 190 3 . 7 262 2 . 6
157 1 .1 191 4 . 4
138 0 . 7 192 2 . 6
§©
L o n g ib o r n y l  c h l o r i d e  
0 . 0 . 7 .  C .c HocC l
n/e % m/e % m/e %
36 5 .1 81 6 8 . 3 119
37 1 . 7 82 8 6 . 3 120 1 7 .9
38 3 . 4 83 2 2 . 2 121 7 0 . 0
39 1 3 .2 84 3 . 0 122 23 .1
4o 11 .1 85 3 . 0 123 3 2 .1
41 6 1 .5 89 6 . 0 124 1 2 . 0
42 6 . 0 91 4 1 .9 125 3 . 0
43 2 3 .5 92 14 .1 127 4 . 3
31 3 . 4 93 5 1 .7 128 6 . 0
32 2 .1 94 2 5 .2 129 7 . 7
53 1 8 . 8 21 1 0 0 .0 130 4 . 3
54 3 . 4 96 2 1 .4 131 5 . 6
55 5 0 .9 97 8 .5 132 3 . 4
56 8 .5 102 1 .7 133 23 .1
57 1 1 .5 103 1 2 . 8 134 1 8 . 8
63 2 . 6 104 5 .1 135 4 7 .0
65 1 0 .3 105 3 7 .6 136 2 2 . 2
66 4 . 3 106 1 3 .7 137 9 . 4
67 3 1 . 6 107 4 7 .9 138 2 . 6
68 7 . 7 108 2 3 .5 141 6 . 0
69 4 9 .6 109 5 9 .8 142 3 . 0
70 6 . 0 110 1 2 . 0 143 6 . 4
71 6 . 0 111 6 . 0 144 2 .1
75 4 . 7 113 3 . 4 145 3 . 8
77 2 7 . 8 115 8 . 9 146 2 .1
78 7 . 7 116 5 .1 147 1 4 .5
79 3 7 .6 117 7 .7 148 1 5 . 8




L o n g ib o rn y l  c h l o r i d e  ( c o n t i n u e d )
G .0 .7 .  C/|l-HocCl 1«3
m /e % m/e % m/e %
150 7 .3 176 6 . 8 211 5 .1
151 2 .1 177 1 5 .4 212 3 . 8
152 3 . 0 178 3 . 8 213 4 .7
155 1 5 .4 183 3 . 8 223 4 . 3
156 6 . 0 184 1 7 .5 224 6 . 0
157 7 . 7 185 4 .7 225 7 6 .7
158 3 . 8 186 6 . 4 226 23 .1
159 1 . 7 187 3 .0 227 2 8 . 2
160 3 . 4 189 3 4 .2 228 7 . 7
161 2 0 .9 190 9 .0 238 3 . 0
162 8 . 5 191 5 .1 239 3 . 4
163 1 4 .5 197 7 .7 240 p 5 0 . 0
164 3 . 4 198 3 .0 241 1 6 .7
169 6 . 0 199 3 . 0 242 1 7 .9
170 9 . 0 202 4 .3 243 6 . 0
171 9 . 8 203 6 . 8
172 14 .1 20 4 4 4 .4
173 5 .1 205 7 6 .7
174 5 .1 206 2 0 .5
175 5 . 6 207 •3 .4
.W. 240
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L) -» n i t r o l :o n g i f o le n e  
G .0 . 9 .  C„c Ho_N0o
a/e % m/e % m/e %
39 2 4 .1 80 2 4 .1 112 8 . 8
40 7 . 0 81 7 0 . 2 113 3 . 5
41 1 0 0 . 0 82 2 9 . 8 114 6 .1
42 1 0 .5 83 2 8 . 9 115 1 8 . 9
43 7 2 . 8 84 9 .0 116 1 4 .0
44 5 . 3 85 7 .0 117 2 8 . 9
43 3 .1 86 3 - 9 118 2 1 .9
31 8 . 8 89 4 . 4 119 5 0 .9
32 6 .1 90 1 0 .5 120 3 0 . 7
33 3 1 . 6 91 8 9 .5 121 46 .1
34 9 . 6 92 2 6 . 3 122 3 1 . 6
33 9 4 .7 93 6 6 . 7 123 3 3 ,3
36 1 5 .4 94 2 9 . 6 124 2 1 .9
37 1 6 . 2 95 5 3 .5 125 1 1 .4
58 3 .1 96 28.1 126 5 . 7
59 3 . 5 97 1 8 .4 127 5 . 7
63 4 . 4 98 10 .1 128 1 0 .5
65 2 8 .5 99 4 . 4 129 1 2 .7
66 1 3 .2 : 100 2 . 6 130 1 3 .2
67 5 9 .2 101 1 . 8 131 3 5 .5
68 1 3 .6 102 3 . 9 132 2 3 .7
69 6 5 .4 103 1 4 .0 133 4 3 .0
70 1 2 .3 104 1 6 . 7 134 2 5 .4
71 10.1 105 7 0 . 6 135 3 3 .8
72 3 . 9 106 3 1 . 6 136 2 5 .4
75 2 . 6 107 6 5 .5 137 2 0 . 6
76 6.1 108 3 2 .5 138 1 4 .0
77 60.1 109 8 0 . 3 139 7 .0
78 2 1 . 5 110 3 2 .5 140 3 .5
79 6 6 . 7 111 1 4 .0 141 3 .5
M.W. 249
sggaaaggzags
( J - n i t r o l o n g i f o l e n e  ( c o n t i n u e d )
G .0 . 9 .  C15H2^K02 M.W. 249
m/e % m/e % m/e %
14-2 4 . 4 172 9 . 6 205- 1 0 .5
14-3 1 0 .5 173 2 2 . 8 206 1 5 . 8
144 1 2 .7 174 1 8 . 0 207 5 . 7
143 2 6 . 8 175 2 2 . 8 208 2 . 2
146 2 4 .6 176 1 6 .7 214 7 .5
147 4 0 .4 177 1 1 .4 215 6 . 6
148 2 3 . 2 178 1 2 .7 216 6 . 6
149 2 0 . 6 179 6 .1 217 5 . 7
130 2 0 . 2 180 3 . 5 218 4 . 4
131 9 . 6 184 3 . 9 219 1 2 .3
152 9 . 6 185 6 .1 220 2 3 .7
153 6 .1 186 8 . 3 221 7 . 9
154 2 . 6 187 2 4 .1 230 5 . 3
155 3 . 5 188 1 6 .2 231 7 .0
156 3 . 5 189 1 0 .5 232 6 6 . 7
157 8 . 8 ' 190 1 4 .0 233 1 5 . 8
158 1 0 .5 191 8 . 8 234 1 2 .3
159 3 1 . 6 192 6.1 235 3 . 5
160 1 8 . 9 193 3 .1 249 p 9 . 2
161 . 3 0 .7 194 3 .1 250 5 . 3
162 1 9 .7 197 2 . 2
163 1 9 . 7 198 2 . 6
164 1 8 . 9 199 8 . 3
165 1 4 .9 200 8 . 8
166 7 .0 201 3 5 .5
167 2 . 6 202 2 2 .4
170 2 . 6 203 3 8 . 6
171 7 .5 204 2 2 . 8
G .0 .1 0 . D i l o n g i b o r n y l  C^qH^q M.W. *HO
a/e # m/e % m/e %
39 1 . 2 103 0 . 6 141 0 . 6
40 0 . 3 104 1.1 1 4 1 .5 0 . 5
41 1 0 .5 105 1 1 .3 142 1 . 0
42 0 . 7 106 5 . 6 1 4 2 .5 0 . 4
43 9 .3 107 2 6 . 9 143 0 . 9
44 0 . 4 108 1 0 . 7 144. 0 , 6
53 2 . 2 109 3 7 .8 145 2 .9
55 21 .1 110 5 . 3 146 1 .5
56 1 . 0 111 4 . 2 147 6 .9
57  . 6 . 4 112 0 , 5 148 5 , 9
63 0 . 4 113 0 . 4 149 3 2 .3
65 1 . 0 114 0 . 3 150 6 . 9
6 6 : 0 . 7 115 0 . 8 151 2 .7
67 1 1 .9 116 0 . 6 152 0 . 6
68 2 . 0 117 0 . 2 154 0 . 2
69 3 1 . 2 118 1 .5 155 1 .3
70 2.1 119 1 0 .4 1 5 5 .5 1 . 0
71 2 .3 120 6.1 156 0 . 4
77 4 . 2 121 2 7 . 2 157 0 . 5
78 1 .5 122 1 3 .9 158 0 . 5
79 1 2 .3 123 2 4 .3 159 2 . 3
80 3 . 7 124 3 . 6 160 1 . 4
81 3 1 .0 125 1 .5 161 7 . 2
82 8 .1 127 0 . 4 162 4 .5
83 9 . 7 128 0 . 9 163 1 2 .3
84 0 . 8 129 1 .4 164 3 . 7
85 0 . 2 130 0 . 7 165 1 .7
91 9 .5 131 2 .7 166 0 . 4
92 4 .1 132 1 .5 169 0 . 7
93 2 2 .4 133 8 .3 1 6 9 .5 0 . 5
94 1 1 .3 134 7 .5 170 0 . 4
95 5 3 .5 135 2 1 .9 171 0 .5
96 8 . 8 136 1 0 .7 172 0 . 3
97 6.1 137 8 . 0 173 2 .3
98 0 . 7 139 0 . 2 174 1 . 4
G .0 .1 0 . D i l o n g i b o r n y l ( c o n t i n u e d ) C30H50
m /e % m/e % m /e %
175 6 .1 219 4 .1 286 1 . 0
176 4 . 6 220 0 . 9 287 1 . 0
177 1 6 . 3 227 0 . 3 288 0 . 4
178 5 . 2 228 0 . 4 297 0 . 4
179 5 . 5 229 1 . 8 298 0 . 4
180 0 . 7 230 2 . 2 299 0 . 8
183 0 . 3 231 7 . 7 300 1 . 3
1 8 3 .5 0 . 2 232 4 .8 301 0 . 7
184 0 . 2 233 1 . 2 302 0 . 3
183 0 . 4 234 0 . 2 311 0 . 3
187 1 . 3 241 0 . 2 312 0 . 3
188 0 . 9 242 0 . 3 313 1 .5
189 5 . 3 243 1 .1 314 1 .3
190 4 . 4 244 0 . 8 315 0 .5
191 8 . 0 245 2 .7 316 0.2.
192 1 0 . 7 246 1 . 2 325 2 .5
195 2 .7 247 0 . 3 326 1 .3
19^ 0 . 3 255 0 . 3 327 1.1
198 1 . 4 256 0 . 3 328 1 .9
1 9 8 .5 0 . 8 257 1 . 3 329 1 .3
199 0 . 3 258 1 .1 338 0 . 3
201 1 .1 259 0 . 9 339 0 . 7
202 1 . 6 260 1 . 0 340 0 . 6
203 1 0 .7 261 0 . 4 341 0 . 9
204 1 8 .4 269 0 . 3 342 0 . 5
203 1 0 0 .0 270 0 . 6 353 0 . 3
206 2 4 .5 271 1 .9 354 0 . 9
207 4 . 2 272 1 . 4 355 0 . 4
208 0 . 8 273 4 .8 367 2 . 2
213 0 . 3 274 2 . 4 368 0 . 9
214 0 . 3 275 1 . 4 379 0 . 9
215 1 . 4 276 0 . 4 380 1.1
216 1 .3 283 0 . 3 385 1 2 .5
217 6 .7 284 0 . 4 396 5 . 9
218 5 . 9 285 2 .1 410 p
411
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